INTERNATIONAL SERIES OF MONOGRAPHS IN 
PURE AND APPLIED BIOLOGY 

Division: ZOOLOGY 
General Editor: G. A. Kerkut 

Volume 38 

ECHIDNAS 




ECHIDNAS 


BY 

MERVYN GRIFFITHS 


PHOTOGRAPHY BY 

E. SLATER 



PERGAMON PRESS 

OXFORD • LONDON • EDINBURGH • NEW YORK 
TORONTO • SYDNEY • PARIS • BRAUNSCHWEIG 



/ergaracin Press Ltd., Hcadington Hill Hall, Oxford 
4 & 5 Fitzroy Square, London W.l 
Pcrgcimon Press (Scotland) Ltd., 2 & 3 Teviot Place, Edinburgh 1 
purgsTTor. Press Inc., 44-01 2Ist Street, Long Island City, New York I IIOI 
Perg?rr.on of Canada Ltd., 207 Queen’s Quay West, Toronto 1 
Per^amcn Press (Aiist.) Pty. Ltd., I9a Boundary Street, Rusbeutters Bay, 
N.S.W. 2011, Australia 

Pergamon Press S.A.TLL., 24 me des &oles, Paris 5® 

Vieweg & Sohn GmbH, Burgptatz 1, Braunschweig 


Copyright © 1968 
Pergamon Press Ltd. 


First edition 1968 


Library of Congress Oilalog Card No. 68-21385 


PRINTED 


OM.t „ *. WHEATON A CO.. EXETER 

08 0I26S0 2 



CONTENTS 


Acknowledgements 


Chapter 1. External anatomy, taxonomy, and natural history 

External features 
Taxonomy 

TachyghsstiS aculeatus 

Distribution of the subspecies of Tachyghssus aculeatus 
Zaglossus 

Distribution of the specie of Zagtossus 
Natural history 


Habitats 

Body temperature 

Hibernation 20 

Food and feeding habits 2l 

Movements 28 

Parasites 32 


Chapter 2. Intake of food, digestion, and bodily functions 34 

Intake of food 34 

Digestion 39 

Nitrogen excretion, Nj retention, and growth 47 

Excretion 47 

Retention 52 

Nj excretion in torpid echidnas 56 


Chapter 3. Skeleton 58 

Early chondrocranium 58 

Definitive chondrocranium 59 

Reptilian and mammalian characters of the chondrocranium 6l 

AduU skuU 63 

Periotic bone of the adult skull, bony labyrinth, membranous 
labyrinth, and ear ossicles 68 

l-aryngeal skeleton 72 

Appendicular skeleton 73 

Pectoral girdle 73 

Pelvic girdle 74 



CONTENTS 


OrAPixa 4. The ctvtra;, nirvous svstE't 

Anatomy of the brain 
Spinal cord and medulla oblongata 
The cranial nencs and the motor functions of the brain 
The motor ncj^cs of the brain 
The pyramidal tracts 

The sensory and co-ordination systems of the brain 
The gracile and cuneate nuclei 
The trigeminal system 
The Vlllih ncf\e 
The pons VaroUi 
The cercbellont 
The mid-brain 
Superior colliculi 
Inferior colliculi 
The cerebral peduncles 
Pars intcrcalis encephali 
The dicnccphalon 
The hypothalamus 
The thalamus 
The epithalamus 
The telencephalon 
The cerebral hemispheres 
Conclusions 


76 

76 

78 

81 

82 

84 

85 
E6 
87 
87 
89 
89 
91 

91 

92 

92 

93 

94 

95 

96 

98 
93 

99 
107 


CHAtTER 5. SpEOAL SENSES 


109 


Theeyes 109 

Hearing 1 1 1 


Chapter 6. Endocrine cutNDs and the cmnds or the jvimuse 

SYSTEM 116 

Adrenals 116 

Corticosteroid secretion by the adrenals of Tachyghssus acKUalus 1 19 

The pituitary gland 120 

The islets of Langethans 123 

The thyroid gland and other derivatives of the pharyngeal pouches 124 
The glands of the immune system 126 


Chapter 7. The reprodoctive organs 


131 


The male sexual organs 
Spermatogenesis 

Structure of the epididymal spermatozoon 
The number and structure of the spermalogonial and somatic 
chromosomes 
The female sexual organs 
Oogenesis 

The breedmg season 


I3I 

134 

137 

141 

144 

145 
154 



CONTENTS Vii 

Chapter 8. Embryology 156 

Early cleavage stages 156 

Formation of the unilaminar blastoderm 1 60 

Formation of the bilaminar blastoderm 164 

Comparison of early development of Tachygbssus with that in 

Metatheria 166 

External features and embryonic membranes of embryos from pouch 

eggs 167 

Comparison of the neonatus of Tachyglossus with those of 

marsupials 172 

Chapter 9. The MAMMARY GLANDS 178 

Anatomy 178 

Development 193 

Growth of the pouch young and the composition of the milk 196 

Composition of the milk 203 

Chapter 10. Circulatory system and blood 210 

The circulatory system 210 

Blood 213 

Chapter 1 1. AirtNinES op the pROiOTHERfA 21 6 

Appendixes 

I. Anatomical specializations 230 

II. Iron content of echidna milk 247 

in. Kidney function 249 

IV. Respiration 251 

V. Incubation period of the egg in the pouch 252 

Rs.fT.a.tVCTS 25S 

Author index 267 

Subject INDEX 271 


Other tttlis in the zoology division 


283 



ACKNOWLEDGEMENTS 


My best thanks go to Dr. Imre Kaldor for the estimations of iron 
in echidna milk; Mr. Frank Knight for the line drawings; Mr. 
W. Vestjens for the entomological analysis of echidna scats; Mr. 
Adam Inglis for the amino-acid analysis of ants and termites; and to 
Messrs. R. Leckie, L. MacLean, and R. Coles for technical assistance. 
I should also like to thank the Executive of the Commonwealth 
Scientific and Research Organization for permission to write this 
book, and I am greatly indebted to Mr. J. H. Calaby for invaluable 
advice and information, to Mr. P. Magi for help in translation of 
German texts, to Mr. D. L. McIntosh for his assistance in reading 
proofs, and to Mr. and Mrs. George Lonzar who gave much assist- 
ance in taking echidnas with pouch young. 



CHAPTER 1 


EXTERNAL ANATOMY, TAXONOMY, 
AND NATURAL HISTORY 

EXTERNAL FEATURES 

The type specimen of the spiny anteater, Tachyglossiis aaileatus 
aculeatus, was introduced to biologists by George Shaw (1792) with 
these sonorous words: 

Totum corpus superius cum cauda spuiis contegitur validus et longioribus, 
quales omnino sunt hystricus vulgaris, nisi quod vice circulorum qui alter* 
natim albi nigrique, plerumque albeant. aptcibus altius nigro tinctis, quodque 
albedo a nigredine separetur aonulo parvo sordide aurantio. 

Myrmecophaga aculeata 
Character Genericus 
Dentes nutli 
Lingua teres, exiensHis 
Os augustatum in rostrum 
Corpus (plerisque) pills tectum 
Character speciflcus 

Myrmecophaga aculeata cauda breiissima. 

Shaw had no idea of the real nature of the beast he had described 
and he admitted, if it was not a species of Myrmecophaga (eutherian 
anteater), that the resemblance would be 

A most striking instance of that beautiful gradation so frequently observed 
in the animal kingdom by which creatures of one tribe or genus approach 
to those of a very different one. It forms a connecting link between the very 
distant genera of JJysJrir and MyrmecopJuigo', having the esieraaJ coairag 
and general aspect of the one with the mouth and peculiar generic characters 
of the other. 

An elegant enunciation of the principle of convergence in 1792. 

Morphologically the hairs and spines he describes are mammalian 
entities and chemical analysts (Gillespie and IngUs, 1965) shows that 
the spines contain a keratins characteristic of rhinoceros horn, sheep 
horn, porcupine quills, finger-nails ami so on. Proteins extracted 
from the a keratins contain much cystine, a fact that is of significance 
in connection with the nutrition of echidnas (p. 54). 

On the sides of the body the spines point backwards but on the 
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dorsum they are directed towards the mid*line while those at the 
mid-line converge and cross one another alternately forming a 
handsome pattern. At the hind end of the body the spines are 
grouped into two semicircular rosettes over the stubby tail. One of 
our convict artists, Thomas Watling (Rienits and Rienils, 1963), 
portrayed these and indeed the external anatomy, accurately and 
attractively about the year 1794. 

Between the spines on the dorsum is a thick pelage of hair of 
which Hausman (1920) finds that there are all gradational states 
from the finest of hair on the venter to the largest and most robust 
of spines on the back. The hairs are flattened in shape as they are 
in Ornithorhynchus] Spencer and Sweet (1899), however, observed a 
singular feature in the muscles attached to the hairs and spines of 
Tachyghssits: the arrangement of the muscle bundles of the hairs 
and spines follows the usual course from the superficial part of the 
corium obliquely downwards to their attachments to the hair follicle 
group or to the spine follicle, but the muscle is striated and not 
smooth as it is in Ornlihorhynchtis and other mammals. 

The limbs and ventral surface are free of spines but they are 
clothed with hair which ranges in colour from light brown to black 
in different specimens; and some echidnas taken around Canberra 
have a striking patch of white hair on the chest. All the hairs occur 
in bundles consisting of one stout principal hair surrounded by 8-10 
hairs of lesser diameter — the Nebenhaare of Romer (1898). The 
central part of the ventral surface of both the males and the females 
is relatively free of hair and at the antero-lateral mar^ns of this 
area are to be found two small hairy patches, the milk areolae. 

Maurer (1892), de Meijere (1893), Romer (1898), and Spencer and 
Sweet (1899) arc agreed, on morphological and embryological 
grounds, that the spines are modified hairs since both spines and 
hairs develop in the same way from thickenings in the epidermis of 
the pouch young, each thickening growing down into the dermis 
carrying the stratum germinativum before it. In this way a long 
downwards extension of tissue is achieved and, at the bottom of the 
downgrowth, a dermal papilla which projects upwards into the 
extension. The cells of the distal part of the papilla form the germinal 
point from which the anlage of the hair or spine grows upward 
through the mass of the extension. The tip of the dermal papilla 
cornifies and as growth at the germinal point proceeds the tip breaks 
the surface of the epidermis and acquires a black colour due to 
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deposition of melanin. Each hair or spine in cross-section, at the 
appropriate level, consists of external and internal root sheaths, a 
keratinized cuticle, a cortex, and a central medulla, as they do in 
any other mammal. Hausman (1920), and Wildman and Manby 
(1938) have described the pattern of scales on the keratinized cuticle. 

The Nebenhaare are formed by a process of budding off from the 
anlage of the principal hair and at this stage they could be taken 
for developing sebaceous glands (Romer, 1898). However, the latter 
form as outgrowths from the principal hair follicle at a later stage 
and they are identical with the sebaceous glands found in other 
mammals, consisting of a solid matrix of cells in which ill-defined 
cavities develop and communicate with a space around the hair. 
This space leads to the exterior and serves for the passage of the 
greasy secretion of the gland to the surface of the skin and hairs. 
The spines are not furnished with sebaceous glands, and sweat glands 
arc not found in the skin of Tachyghssus except for a few in the 
pouch area (Gcgenbaur, 1886; Pinkus, 1906). 

The ear appears as an area on the side of the head where the spines 
arc parted to show a hairy hole. In some echidnas a definite external 
pinna is present, in others it is inconspicuous. Tucker (1966) has 
shown that the pinna is quite large and is buried for the most part 
in a muscle which he calls the panniculus carnosus but which is 
really the platysma (see p. 83, Fig. 33). 

The small beady eyes are situated almost at the base of the snout 
and they look for%vards; echidnas arc reputed to have poor eyesight. 
The elongated snout is naked and bears two nostrils at its anterior 
end on the dorsal surface. These external features arc best seen in 
the young echidna (Fig. 1). The snout is sensitive, tactile, and strong 
enough to be used upon occasions to dig out scarab larvae from 
pastures and to crush them to make them suitable for ingestion 
through the sm.il! mouth. 

The limbs arc short and stout; the manus is broad and pcntadactyl, 
the digits being armed uith strong spatulatc claws. The hind limb 
also bears fi\c toes of uhich the claw on number 1 is short, that on 
number 2 is long, and is used as a grooming toe, \shich, owing to 
the outward torsion of the tibia and fibula and the almost horizontal 
disposition of the femur, can be inserted between the spines on almost 
any region of the body, Tlic cl.iw on number 3 is as long, or even 
longer, than that on number 2. while the claws on numbers 4 and 5 
arc quite short. On the inside of the ankle in all m.iles and in some 
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Fig. I. Pouch young of Tachyglossm acufeafus aculeatus, weight 307 g, 
length 18*0 cm. showing nostrils at end of snout, cloacal aperture, stubby 
tail, and forwardly directed eyes (Griffiths, 1965b). (Reproduced from 
Comp. Bioclienu Physiol.) 

females is a hollow perforated spur 0*5-1 *0 cm long from the base 
of which a duct leads up the leg to a gland buried among the muscles 
just below the knee, Jones (1923) says this is about the size of a pea, 
but we have found large glands about 2 cm in diameter in males 
taken during the breeding season. The spur and its glandular appara- 
tus is not poisonous as it is in Ornithorhynchus at certain times of 
the year (see Calaby (1968) for a review of the subject). 
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There is only one hole for the passage of faeces, urine, and eggs 
(Fig. 1), hence the word monotreme, to distinguish platypuses and 
echidnas from other mammals; an inadequate criterion of distinc- 
tion, I might say, since some dasyurid marsupials are cloacate and 
monotreme, and all marsupials arc one-holed in the sense that the 
excretion and reproduction products pass out through the one 
sphincter. However, there are many references in the literature to 
Monotremata, so it looks as though we are stuck with it. There is 
no scrotum and the testes are internal. 

The largest T. aatleatiis aculcatus I have taken weighed 6*5 kg ; 
Jones (1923) records that an “average” South Australian echidna 
was 400 mm long. 


TAXONOMY 

A classification of the mammals based on Simpson’s (1945) and 
accepted by many zoologists is as follows: 

Gass Mammalia 


Subclass Subclass 

Subclass 

Subclass 

Cothcria I 

Protothcria 

1 

Allothcria 

Thcn'a 

1 




Inf ni class 

— i — 

Infraclass 

Infraclass 



Metathcria 

Pantothcria 

Euthcria 

1 

j 

(Marsupials) 


(Placcntalia) 

Family 

Fam'ly 




Tachyglossidac 

Omithorhynchidac 




Tachyglossus Zaglossus 

(one species) (two species) 

Gregory (1947) argues that the marsupials and the monotremes 
are closely related and should be grouped together as a subclass of 
the Mammalia — the Marsupionta. His views will be discussed later. 


Tachyglosstts aailcaitu: 

Tl\c nominate race of the echidnas is Tachygiossxis aculeouis 
acukasns (Shaw) and there arc five other subspecies, if one wishes 
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separated localities, it is possible that the characters used for dis- 
crimination of subspecies vary cUnally. For example, it is possible 
that on mainland Australia hairiness increases gradually from north 
to south. If this is so there would seem to be no point in using 
trinomial nomenclature, but for physiologists interested in thermo- 
regulation, for example, there is a point in using some way of speci- 
fying whether or not the experimental animal had hair; at present 
then it may be just as well to retain trinomial nomenclature. 

Distribution of the subspecies o/Tachyglossus aculcatus 

Tachyglossus aculeatus seiostts occurs throughout Tasmania and 
one of the earliest records of echidnas was of this subspecies at 
Adventure Bay (Tobin, 1792); it is also known to occur on King 
Island and Flinders Island in Bass Strait to the north of Tasmania. 
Three well-defined colour varieties are found on Flinders Island^: 
chocolate, brown, and a creamy off-white. “Aculeated anteaters 
were also taken by Matthew Flinders (1798) on nearby Cape Barren 
Island. 

T. a. aculeatus is found throughout Victoria, New South Wales, 
and southern Queensland as far north as Munduberra (Tate, 1952). 
This place is only 220 miles south of Coomooboolaroo where eight 
of Collett’s T. a. acanthion were collected by Lumholtz. Since Semon 
(1894a) did much of his collecting in the Munduberra district and 
since a hind limb of one of his specimens described by Hochstetter 
(1896) is undoubtedly that of acanthion^ it is possible that animals 
with the characteristics of either or both subspecies occur there and 
that some of the work of Semon and colleagues has been done on 
acanthion. Collett’s echidna is found as far north as Iron Range on 
Cape York Peninsula (Tate, 1952) and it has been taken at Arnhem 
Land and Groote Eylandt (Johnson, 1964) in the Northern Territory. 
Echidnas occur in other parts of the Northern Territory including 
the north coast and in desert country to the south. I have examined 
three echidnas from these areas and found that they can be referred 
to the subspecies acanthion. 

According to Wood Jones (1923) T. a. multiaculeatus is found in 
the far north of South Australia as well as in the southernmost parts 
(Rothschild, 1905). Wood Jones records it on Kangaroo Island 
which is only 8 miles from the mainland of South Australia. I have 
found it to be abundant on that island, taking no less than six on 
one day. 
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There is little information on the distribution of T. a. ineptus'. 
apart from Thomas’s specimens collected at Southern Cross, one 
specimen, already mentioned, has been taken at Maylands, a suburb 
of Perth, and echidnas have been observed in recent years at Mileura 
(p. 19), Port Hedland, and Woodstock, which were probably 
ineptus. 

Mr. Hobart Van Deusen of the Archbold Expeditions of the 
American Museum of Natural History has very kindly given me 
his list of specimen records of T. a. lawesii in New Guinea; the 
localities are as follow: 

Territory of Papua: 

Lake Daviumbu (Middle Fly River) 

Tarara (\Vassi Kussa River) 

Mabadavan (on the coast) 

Dagwa (Oriomo River) 

Mt. Leonard Murray 
vicinity of Port Moresby 
Rigo (Kemp Welch River) 

Territory of New Guinea: 

Kassam (Kratke Mountains) 

It has also been taken at Apimuri in the Kraikc Mountains 
(Laurie, 1952) and at Goroka (G. George, pers. comm., 1965). 

T. a. lawesii appears to be common since it is offered for sale as 
food in the Port Moresby market at the rale of ISj. each (Garbi, 
pers. comm., 1965). 


Zaghssus 

This genus, which is restricted to the Island of New Guinea and 
nearby Salawati Island, differs from Tac/iyfthssus in that the snout 
is cur\ed and is proportionately much longer; the distal part of 
the tongue is armed ^^ilh spines and the body is longer and bigger; 
Rothschild (1913) records that a specimen of Zaelossus barwm 
hartoni was 1000 mm long and Laurie (1952) slates that a specimen 
of the same subspecies weighed 21 *75 lb. The nominate race is Z. 
hniijni hruijni and Cabrera (1919) giscs a synonymy and aulhoritics 
for the genus. Thomas and Rothschild (1922) ha\c revised the genus 
and the result of their labours is the rollo^^ing key: 
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to consider the Tasmanian echidna as a subspecies (Rothschild, 
1913). Iredale and Troughton (1934) give it specific rank and, inter 
alia, give the authorities and synonymy of the Australian Tachy- 
glossidae. 

The various subspecies of T. aculeatus, their distinguishing 
characteristics, and their type localities are listed in Table 1 . 

The validity of those subspecies is not a matter of certainty since 
the numbers of animals examined have been small and since the 
characters used to distinguish the races — length of 3rd claw relative 
to the 2nd, hairiness, colour of hair, size of body and so on, are 
doubtless subject to variation within local populations. Four 
animals only were examined for the erection of T. a. lawesii (Ramsay, 
1877), three for T. a. ineptm (Thomas, 1906) and nine for T. a. 
acanthion (Collett, 1885). Since then 15 echidnas (Tate, 1952) and a 
further three (Johnson 1964) have been examined critically and have 
been assigned to the subspecies acanthion: I have had the oppor- 
tunity to examine one specimen of a West Australian echidna which 
agreed with Thomas’s description of T. a. ineptus. T. a. muhiactileatus 
would appear to be a good subspecies since no variation was noted 
within the group of 30 specimens originally examined (Rothschild, 
1905). Recently I examined 22 echidnas of this subspecies at Kan- 
garoo Island and found no variation within the group save that only 
two had the light golden-coloured hair that Rothschild describes, the 
others had brown hair. I have no intention, however, of erecting 
a new species of Tachyglossus as Laurie (1952) did for Zaglossiis, 
when she was given a brown specimen of Z. bartoni bartoni, which 
is usually black. 

Thomas (1885) in an endeavour to test the validity of the sub- 
species of T. aculeatus examined nine Tasmanian, seven New South 
Wales, four Queensland, and two Papuan echidnas, and a few of 
doubtful origin. These specimens unfortunately came from a wide 
variety of localities and many of them lacked essential data (skins 
only); however, he arri\’cd at the general conclusion that vagaries 
of soil and climate have modified the proportions of claws, snouts, 
and hair length of Tachyglossus at the extremes of its range. That 
conclusion did not prevent him, 21 years later, from describing T. 
a. inepiits on the basis of the dimensions of these same characters 
in three specimens. 

In view of the fact that all specimens which ha\c been examined 
taxonomically arc the results of opportune collecting from widely 
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1. Number of claw-s 3 or 4 
Number of claws 5 

2. Head whitish; body dark 
Head dark like body 

3. Black-brown; hair shorter, spines more 

exposed 

Yellowish-brown; hair longer, spines mostly 
concealed 

4. Hair very long and thick, spines concealed 
Hair sparse, spine much exposed 

5. Spines and hair blackish 
Spines white or whitish 

6. Spines on underside; smaller; claws slenderer 
No spines on underside; very large; claws 

large and heavy 

1. Skull longer, rostrum thicker 
Skull shorter, rostrum more slender 


2 

7 

3 

4 

Z. bruijni bruljni 

Z. bruijni paliidus 
Z. bruijni lillosissimus 

5 

Z. bruijni nigraaculeatus 

6 

Z. bruijni goodfellowH 

Z, bruijni gularis 
Z. bartoni bartoni 
Z. bartoni clunius 


The validity of the subspecies of the two species is again a matter 
of uncertainty, as it is in the case of the races of Tachyglossus, since 
the numbers of animals examined were small, the distinguishing 
characters are external anatomical features subject to variaUon, and 
in some cases the type localities arc not certain ; Z. bruijni good/elhwi 
would appear to be free of that stigma since it is the only echidna 
known to have spines on its ventral surface and it is geographically 
isolated on Salawati Island, West Irian. 

Distribution of the species qfZaglossus 

Zaglossus bruijni bruijni is known only at the type locality: the 
Arfak Mountains, West Irian. Z. bruijni nigroaculeatus was found 
at the Peninsula of Onin, West Irian; Z. bruijni yillosissimus at 
Geelvink Bay, West Irian. 

Z. bartoni bartoni was found originally at Mt. Victoria, Papua; 
it has since been found at the Bubu River district in N.E. New Guinea 
(Laurie, 1952). Van Deusen (pers. comm.) has records Zaglossus 
taken from Lake Habbema in West Irian, from Telefomin, the head- 
waters of the Watut River, the Saruwaged Mountains in the Territory 
of New Guinea, and from various places in Papua as far cast as 
Ml Maneru. He has collected widely in Papua — ^New Guinea and 
he strongly suspects that when enough material is brought together 
in one place that it will be found that there is but one v’ariablc species 
of Zaglossus. 
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NATURAL HISTORY 

Although echidnas have been known to biologists for upwards of 
174 years, no one, with the exception of S. J. J. Davies (p. 19), has 
been able to cany out a planned study of their natural history since 
they are cryptic and for the most part uncommon (even Semon’s 
(1899) best abori^e working with a dog could collect only 3-4 a 
day) and they apparently have no predictable habits and movement 
patterns that would facilitate their study. Consequently the little 
that is known about their natural history is the result of observations 
made during opportune encounters and made on captive animals. 
What was doubtless the first of those observations was published by 
Shaw (1792); he stated that his specimen had “been found in the 
midst of an anthill for which reason it was named by its first dis- 
coverers the ant-eating porcupine**. 

Echidnas move about at any time of the day or night, although 
Bennett (I860) and Semon found they were nocturnal; in hot 
weather they may well sleep all day and forage at night Recently 
1 took, at Kangaroo Island in September, 14 echidnas over a period 
of 6 days between the hours of 10 a.m. and 6. 1 5 p.m. ; a few months 
earlier, in the summer in central Queensland, three echidnas were 
taken at midnight fossicking in a Mitchell grass plain. Calaby (1966) 
obser\'cd, in a rainforest in northern New South Wales, echidnas 
abroad in daytime and at night 

Published data on what echidnas cat are few: Bennett records 
that they eat ants and ingest much dirt at the same time. Semon 
found that they eat a variety of small insects, principally ants and 
some earthworms. Jones (1923) thought that the staple diet of T. a. 
nnihiacitlealus was a small ant, Camponolus nisrescens. An account 
of some studies on the food of echidnas is given on p, 25 and since 
little is known of the subject the results are given in detail. 

Echidnas appear even to be more uncommon than they are be- 
cause of the inaccessible nature of the places they choose to hide in 
and because of their fantastic ability to dig vertically into the ground 
and cover their own backs with din when disturbed. Semon (1899) 
writes of echidnas being taken from self-made burrows and Johnson 
(1964) describes the extraction of two echidnas from the end of a 
burrow Sin. high. 6 in. wide and at least 5 ft. long. On the rare 
occasions 1 have found echidnas buried they have been in a dish- 
shaped excavation at the base of a Ucc or a stump rather than in a 
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burrow as such; the excavations were camouflaged with leaves, 
bark (Fig. 2) or even charcoal from a burnt stump. 

In some localities, notably Kangaroo Island, echidnas arecommon, 
even abundant and during October and November echidnas in the 




EXTERNAL ANATOMY 


13 


The animals were of various sizes and were nearly all males. Semon 
(1899) also found the anomalous sex ratio of 3 males to I female 
among the echidnas systematically tracked and caught by his 
aborigines; since the highest prices were paid for females it is 
probably true to say that the males greatly outnumbered the females 
in the population. 


Habitats 

The fact that Tachyglossus acuJeatus aculeatus can live at sea-level 
near the coast of New South Wales, and that Zaglossus bartoni 
bartoni can live at an elevation of 8000 ft. in the mountains of New 
Guinea, is remarkable but one might expect that the genetic differ- 
ences reflected in differences of anatomy would also be apparent as 
differences in physiology enabling each to live in its proper habitat. 
But T. a. aculeatus displays a singular virtuosity in its adaptation to 
different habitats. The echidnas observed by Calaby (1966) enjoyed 
a climate of hot moist summers and warm dry winters. The mean 
annual rainfall in parts of the area was 60 in. and in others 30 in. 
giving rise to a luxuriant growth of rainforest with a high tree 
density and a closed interlacing canopy. This contrasts with two 
other localities where echidnas live. One of these is Tero Creek, an 
arid plain favoured with intensely hot summers where day tempera- 
tures run as high as 1 12®F in the shade and frequently they are not 
much cooler in the nights; surface soil temperatures reach I32°F and 
the mean annual rainfall is 8 in. (during 1964 only 3 in. fell). The area 
has cool winters and severe frosts can occur. The stony and sandy 
soils support a meagre vegetation of various grasses, shrubs, and 
stunted trees. The other habitat of echidnas (Wimbush, pers. comm.) 
consists of ridges and valleys at an altitude of 5000-6000 ft. above sea- 
Icvcl in the Mt. Kosciusko area in the Australian Alps. The climate is 
severe, annual precipitation ranges from 70-90 in. and much of that 
is snow (Calaby and Wimbush, 1964). The mean temperature for the 
hottest month is between SO® and 55“F and the mean air temperatures 
for the llircc coldest months seldom rise above freezing. The vegeta- 
tion is a heath community which has been described by Costin (1954). 

The one factor common to all those habitats is the presence of 
ants. Termites occur at Tero Creek and in rainforest but not at 
50CX>fi. in the alps. Since ants and termites arc about 70% water 
U would appear that echidnas could live anywhere that their prc>’ 
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could live and that just about covers the whole of Australia including 
the deserts. This versatility is no doubt also related to the echidna s 
homoiothermy and to its ability to hibernate. 

Body temperature 

Some temperatures recorded from the cloaca and from the 
abdominal cavity via a small incision in the body wall of freshly 
caught echidnas are quoted from Miklouho-Maclay (1883) and from 
Semon (1894a) in Table 2. These ^ve an idea of the temperatures 
that might be expected in free-living echidnas in winter and early 
summer. 


Table 2 


Chaco} and abdomina} temperatures of echidnas of various ages and sexes. Data 
of MikhuhO’Sfaelay (1883) and Semon (1894a) 


Aoimal 

Goacal 

temperature 

(’Q 

Abdominal 
temperature 
taken through 
small cut in 
body wall 

' CQ 

Air 

1 temperature 

CQ 

Time ofyear 

Grown $ 

1 26-5 

290 

21*5 

Sept. 15 

Grown $ 

29*5 

31*5 

22-0 

Sept. 16 

Grown ^ 

30-5 


18-0 

Aug. 2 

Grown ? 

31-5 


18-0 

Sept. 28 

Pouch young 

90 mm long 

31-0 


24-0 

Sept. 29 

Pouch young 

69 mm long 

34-2 ' 


22-5 

Sept. 29 

Year-old $ 

34-0 

36-0 

31-5 

Oct, 20 

Unspecified 


26-9 1 

20-0 

July 9 


Wardlaw (1915) made detailed records of the temperatures of 
seven specimens of T. a. acufeatus studied at different seasons of the 
year, and found that in autumn, spring, and summer they showed a 
daily variation between morning and afternoon temperatures of 
about 3°C. This was also the amplitude of the variation of the morn- 
ing and afternoon air temperatures, but the changes in echidna 
temperatures were not aKva 3 rs in the same sense as those of the atmos- 
phere. Outside the winter season the body temperatures were fairly 
constant (30-33*0); air temperatures from early spring to the middle 






EXTERNAL ANATOMY 


15 


of summer varied from 13*8® to 36*8‘’C. This exhibition of homoio- 
thermy is superior to the precarious thermoregulation of many 
eutherian mammals such as the sloths and the prosimians; Bradypus 
Iridactylus has erratic thermoregulation and central temperature of 
only 32'5°C at an ambient temperature of 22‘6°C (Almeida and 
Fialho, 1924), while the temperatures of lemurs and tarsiers may 
vary continuously throughout the year from 18° to 35®C (Bourli^re 
and Petter-Rousseaux, 1953 ; Bourli^re, Fetter, and Petter-Rousseaux, 
1956); Cbeirogaleus medhts is frankly poikilothermic for months on 
end at ambient temperatures of 2I-27“C Members of other eutherian 
orders display similar hypothermia and imperfect thermoregulation, 
but despite this information the curious notion prevails that the 
temperature regulation of echidnas represents a stage of quasi- 
poikilothermy intermediate between the poikilothermy of reptiles 
and the immaculate homolothermy of eutherians and metatherians, 
and that this has a bearing on phylogeny and the evolution of 
homoiothermy. No doubt this stems from some experiments of 
Martin (1903) and of Robinson (1954) which demonstrated that heat 
regulation of T. aculeatits deteriorated at an ambient temperature of 
35°C and above, whereas the regulation of a small selection of 
Eutheria and Metatheria, which happened to possess good, func- 
tional, sweat glands, was superior under the same conditions. Since 
Tachyglossiis is furnished with very few sweat glands, of which 
nothing is known about their functions, it might be better, if one 
is interested in the phylogenetic implications, to compare the heat 
tolerance of echidnas with those of eutherians that have few or no 
sweat glands, such as the rodents Spermophllopsis, Citellus, Sciunis^ 
Jaetdtis, and the prosimian Galago (Chew, 1965). It would also be 
very interesting to learn something of the heat tolerance olZaglosstis 
which has many well-dcvcioped sweat glands distributed over its 
body (Kolmer, 1929). 

Marlin's elegant studies established just how echidnas do regulate 
their temperature; they do not pant and they have few sweat glands 
so that evaporative cooling cannot be of prime importance, and they 
apparently exhibit no vaso-motor adjustments aimed at heat loss 
but they do regulate temperature by regulation of heat production. 
The production of heat, as measured by the production of CO, is 
proportional to the difTcrcncc in temperature between the echidna 
and the environment. Marlin found that the percentage increases in 
CO, production, \Nhcn the difference in temperature between the 
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animal and the environment varies from 10“ to 20'’C, were as follow 
for echidnas, marsupials, and eutherians: 

Echidnas *^2% 

Marsupials (Dasytirus, Trichosurus, Bettongid) 50% 
Eutherians (cat, rabbit) 

This shows that mechanisms other than heat production are used 
in higher mammals for temperature reguiafion. 



rio. 3. Os>-gcn comumption of Tachyghnus aculeatiis al various ambient 
temperatures. Each point represents a 30-min. period. The two open circles 
represent values from a hjpothcrmic and apparently torpid animal. (Prom 
Fig. 5. SchmiUt-Nielsen, Da\fc-son. and Crawford (1966), J. Cell. Comp. 

Physiol. 67. 67.) 

Since those words were written, a study of temperature regulation 
in three specimens of Tochyj’fossm amlcoius of unknown origin by 
Schmidt*Niclscn. Dawson, and Crawford (1966) has come to hand. 
The^- found, at an ambient temperature of 24*C. that the mean deep 
lemperaturcs recorded by thermocouples inserted into the intestine 
were 30-0’. 31*1 , and 3l*6'C. The range in a stable animal was 
I *9 Cand in the most s-ariablewas4*l‘C. In response lolow ambient 
temperatures the body temperatures were maintained in the usual 
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range of 29-32® and at 34®C, the highest ambient temperature to 
which they were exposed, body temperature rose to and stabilized 
at 3°C above ambient. One animal exposed to an ambient tempera- 
ture of 5®C for 12 hr. exhibited a drop in temperature of 10®C over 
that time and a great increase in oj^gen consumption during the 
first hour of exposure and maintained an elevated irregular rate of 
Oj consumption during the 12 hr. In spite of this increase in Oj 
consumption the temperature continued to fall and even at the end 
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AMBfENT TEMPERATURE, t 

Fig. 4. Conductance of Tachyghssus acukaius at v-arious ambient tem- 
peratures. (From Fig. 6, Schmidi-Nielscn, Pawson, and Crawford (1966), 
J. CelL Comp, PfiysioL 67> 68.) 


of the exposure when the body temperature had fallen to 21 'C the 
Oj consumption was twice as high as the normal resting value at 
31“C body temperature. 


At a body temperature of the O, consumption of the 

echidnas was 0*217 ml OJghr. and at S'* higher it increased to 
0*313 ml Oj/ghr, This ^ves a 0„of 2*1 which is similar to the 
values found for other mammals. Additional determinations of O, 


consumption over a range of 4-33®C were made. At thcrmoncutrality 
ihc normal resting metabolic rate was found to be betueen 0*20 and 
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0*25 ml 0,/g hr and the lower critical temperature to be 20*C (Fig- 
3). From those data it appears also that the metabolic rate at low 
temperatures is approximately linearly related to the temperature. 

Schmidt-Nielson ci al. also determined the rate of heat flow from 
the echidnas in terms of conductance. This is the rate of heat flow 
from the animal per degree temperature difference; the lower the 
conductance the more readily the animal can maintain its body heat; 
it is usually expressed as cal/cm* *C hr. At low ambient temperatures 
conductance is at a minimum presumably due to reduction of the 
peripheral circulation. The values for conductance of echidnas are 
given in Fig. 4, From this it is seen that the conductance at 20’C 
is 0*15 cal/cm* ®C hr and no change in conductance was detected 
when the temperature was lowered to 5®C suggesting that vasocon- 
striction was already at a maximum at 20'’C and that the rate of heat 
transfer could not be further reduced. Above 20*C there was a 
gradual increase in conductance and at 34®C conductance had in- 
creased to 0*7 cal/cm* *C hr and the 3X core-ambient temperature 
difference was sufficient to dissipate the metabolic heat 
When the ambient temperature exceeds the body temperature the 
sole method left for dissipation of heat is evaporation. In the 
echidnas evaporation increased with increasing ambient temperature 
but an abrupt increase in evaporation exhibited by animals that can 
pant and sweat was not apparent. The evaporation that did occur in 
Tachyglossus, however, was useful and accounted for the dissipation 
of about a third of the metabolic heal production at 34°C. 

The experiments of Schmidt-Nielson et al. offer no support for 
Martin’s conclusion that echidnas cannot vary heat loss by vaso- 
motor adjustments; there is agreement, however, that the principal 
mechanism of temperature regulation is variation in metabolic rate 
and Schmidt-Nielson’s group has defined precisely the value of 
evaporative cooling. They conclude that if one extends the reasoning 
that mammals with low body temperature are “low” on the phyletic 
sense, “It follows that the chicken (40-41“C) should be placed above 
man.” It seems more prudent to consider body temperature in the 
light of its meaning to an animal rather than to make it into a 
scale of evolutionary ascendancy where "high” implies “better”. 

The echidna’s method of temperature regulation is trustworthy 
only up to 35°C. When exposed to higher temperatures the body 
temperature soon rises to 38®C and the echidna dies of heat apoplexy. 
This led Robinson (1954) to surmise that echidnas living in very hot 
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climates would be inactive during the daytime and would probably 
retire to the equable climate of a burrow. Davies (pers. comm.) in 
a fascinating study of echidnas at MUeura on the Murchison River, 
Western Australia, found that that is exactly what they do. Mileura 
is favoured with an annual rainfall of about 9 in. and with air 
temperatures that vary from 32“ to 11 l^F in the shade; echidnas live 
there in shallow caves in an area known as a breakaway. A break- 
away consists of a hard lateiitic cap overlying decomposed granite 
that erodes far more quickly than the laterite and as a result wind 
and water action forms caves and crevices of all sorts of shapes and 
sizes. In these caves Davies gathered literally pounds of echidna 
scats, indeed he swept the floors clean and in this way proved that 
echidnas used the caves continuously by subsequently house-cleaning 
for them now and again. Thermohygrograph readings recorded 
continuously inside a cave and at a distance from the caves in the 
shade in open air showed that the cave environment was greatly 
buffered compared with the changes in temperature and relative 
humidity that went on outside (Table 3). In addition to the infor- 
mation in the table it was noted that no diurnal temperature variation 


Table 3 


"^fffiperaiure and relative humidity in caves inhabited by echidnas at Mileura^ ty.d., 
and temperature and relative humidity of the open air 


I5th day 
of tnotxih 


May 

June 

July 

Augusi 

September 

October 

November 

Oeceinbcr 

January 

Tebruary 

March 

April 

May 


Cave 

temperature 

(noon) 

(’F) 

External temperature 

1 


(Max.) 

1 

(Min.) 

Cave 

External 

71 

82 

48 1 

50 

28 

67-5 

63 

32 

64 

50 

63 

66 

43 1 

66 , 

50 

62 

72 

47 

71 

20 

66 

70 

52 

68 

42 

71 

82 

62 

67 

42 

78 1 

87 

61 

55 

36 

85 

107 

80 

56 

25 

91 i 

111 

87 

58 

35 

85 

75 

64 

(c>'clonc) 

72 

60 

88 

101 

80 

67 

1 32 

80 

100 

70 

60 

46 

73 

78 

60 

57 

44 
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was detectable but a steady change of only 2®F/vveck occurred and 
that the relative humidity did showa small diurnal variation of about 
6 %. From the caves the echidnas emerge to feed, and after rain when 
it is cool their diggings arc particularly conspicuous. As Davies says 
“The echidna appears to have evolved a very satisfactory way of life 
in the Murchison. It has come to terms with the extremes of climate 
by avoiding them.” 

The echidnas observed by Davies were probably the virtually 
hairless variety, T. acuhatus mcptits, which would have imperfect 
insulation from extremes of heat and cold; it is possible that other 
echidnas, such as the Tasmanian species with its thick woolly pelage, 
can withstand the rigours of the environment by physiological, 
rather than by behavioural means {vide Bailey, 1951). 

Hibernation 

Echidnas hibernate like other mammals that have imperfect 
thermoregulation and hypothermia {vide Kayser’s dicta, 1961). 
Lyman (1963) defines hibernators as warm-blooded animals “which 
abandon the warm-blooded stale in an almost purposeful manner 
and sink into a torpor in which the body temperature approaches 
that of the protective cave or burrow”. In the light of that definition 
echidnas qualify as hibernators since they become poikilothermic 
and torpid in winter and can go for a long time without food and 
water. Martin (1903) has recorded that his echidnas, kept in a shed 
in Melbourne, abandoned homoiothermy and became torpid, their 
body temperatures remaining only a few tenths of a degree above 
the ambient temperature. They maintained that condition during 
two successive winters from June to October, which, as the citizens 
of Sydney will attest, is the very best thing to do in a Melbourne 
winter. 

Wardlaw (of Sydney) had occasion to observe hibernation in 
echidnas. It was found that homoiothermy was abandoned sporadic- 
ally during the winter months, the animals becoming torpid for 
intervals of 2-10 days during which periods the temperatures of the 
echidnas remained only slightly higher than ambient. Wardlaw had 
the good fortune to observe echidnas entering and leaving hiber- 
nation and he found that the large falls in temperature heralding the 
onset of hibernation generally occurred between an afternoon 
observation of the temperature and the next morning observation; 
falls of temperature of 16-17°C occurred in this period of 20 hr. 
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Equally dramatic were the changes on arousal; on two occasions 

n gts I Qtsf “ hr- Coleman 

„ I . ? ® “hidna recorded no tempera- 

res but she found that it gave up eating for periods of up to 6 days, 
er a permd of 4 years of observations this echidna hibernated for 

tlifTv.”' ‘I*® 3rd, and 29 in 

tne 4th year. 

‘"'O ‘“'■pM echidnas abstained from 
tJj 'ri" ““‘““ously for 64 and 72 days. The nitrogen 
retion of those echidnas is discussed on p, 56. 


Food and feeding habits 

Shaws echidna was found in the midst of an ant hill ca. 1790. 
dierinT V®? Simpson (1966) found extensive 

mS r‘? recently in a series of mounds of the 

vatione delectus. It was shown by opportune obser- 

echX,. .“■'"''‘"S echidnas, and by planned observations of 
were ina e meat-ant mound, that the diggings 

circular echidnas. These mounds are roughly 

12 in in '’e'y in diameter from 1 to 6 ft and from 3 to 

a diatnrt. Pe^'Sixed mound has 10 to 20 openings each with 

gallerier ^ nbout 0-25 in., which lead into an extensive system of 
more ft ^"5 nrood chambers which may extend downwards for 
Quirier r ® “.(‘^reaves, 1939). An area roughly half a mile by a 
Th r ^ supported 193 of these colonies or mounds, 
e climate of the area is for the most part mild, but severe frosts 
occur in winter and occasionally temperatures rise to 95“F in 
^ e sumj^gj._ throughout the year but much of it falls in 

P^ng and summer and the average annual rainfall is about 30 in. 

■c idnas living in this reasonably equable climate attacked meat-ant 
bounds in late winter and spring only; the obscrs-allons of echidnas 
actually burrowing into mounds were made in the springtime and all 
Ql^cks took place in the afternoon bclw'ccn 3.50 p.m. and 5.15 p.m. 

he longest time taken in burrowing was 25 min. The process was 
actually one of feeding since faeces taken from these echidnas during 
Ihc ensuing 2-3 days contained large quantities of /. delectus in- 
cluding a high proportion of w inged forms (virgin queens and males). 

Tlie burrowing was dlfTcrenl from the astonishing vertical sub- 
sidence usually e.xhibited by echidnas and involved a dcUing action 
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(Reproduced from CSIRO Wildtife Research). 
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of the forelimbs ^ith the head and hunched shoulders directed into 
the heart of the mound. From time to time the head would be with- 
drawn somewhat and then thrust back to the attack again. At the 
end of feeding, one of the free-living echidnas gave a display of great 
animation, rolling over, scratching furiously at his chest and abdomen 
with the grooming toes to rid himself of tormenting ants. 

The damage to the mounds was of three tj^pes: one was a small 
conical hole 1-3 in. deep made by a thrust of the snout, another was 
large, “echidna-sized”, and characterized by a broad working face 
conical towards the lowest region and ending in a snout hole. This 
type of hole penetrates at least to the upper brood chambers. The 
third type was a deep well-formed burrow shaped like a railw’ay 
tunnel with a flat floor and arched roof. These burrowings pene- 
trated to the lower brood chambers and the greatest depth achieved 
was 3 ft 6 in. As mentioned above, attacks on the mounds occur 
only in late winter and spring of any year (Fig. 5). It should be 
explained in connection with that figure that in 1962 much damage 
was found during the period August-October but since it was not 
possible to tell when the attacks commenced only the times of the 
last attacks were indicated. Records of rainfall and temperature 
show'ed no correlation with occurrence of attacks but it was noted 
that 83 % of all attacks, in 1963 for example, were made on the north 
sides of the mounds which is the warm side in the southern hemi- 
sphere. Since the ants tend to move to this side of the mound in late 
winter seeking warmth (T, Greaves, pers. comm.) some of the 
mounds were opened from time to time to see what was going on. 
It was found that before the onset of attacks the mounds con- 
tained many plump virgin queens ns well as workers and males. The 
queens appear in the deepest galleries at the beginning of \\ inter 
(Greaves) and they start to move towards the surface galleries in 
early August; about the end of October they and the males swarm 
and quit the mound for the nuptial flight. In 1965 (Fig. 6) virgin 
queen and other castes were present in the surface galleries on 
August 8 and the first echidna attacks were detected on August 15. 
The last attacks look place on October 14, and on October 23 the 
"inged queens and males swarmed and left the mounds. Winged 
virgin queens were not detected again until May 1966, and only in 
small numbers in a few’ mounds. 

Analysis of samples of the three castes of ants showed that total 
lipids accounted for 47*2% of the dried weight of the \irgin queens. 
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9*6% of that of the males and 18*8% of that of the workers. In fact 
there was so much lipid of low melting point that the dried, ground 
up virgin queens looked wet all the time. Griffiths and Simpson con- 
cluded that echidnas attack meat-ant mounds only in the springtime 
because they want to feed on the virgin queens loaded with fat 
found there at that time. The mound would thus provide an energy- 
rich meal in a small accessible space at a time when the echidnas 
are probably emerging from hibernation. The fat content of the 
queens would be of peculiar importance to echidnas since Griffiths 
(1965a) found that carbohydrate, or an energy-rich proximate con- 
stituent of the diet, is limiting for gro\vth in echidnas feeding on 
insects (termites). 

The fact that echidnas in this part of Australia eat meat ants in 
the springtime does not mean that they are feeding solely on that 
species. Scats taken from echidnas at this time of the year exhibited 
the chitinous remains of many species of termites and ants (Tabic 4). 
Winged female and male ants of various species are found in scats 
throughout the year with the exception perhaps of November and 
January, thus an adequate supply of fat seems to be assured at most 
times. 

For entomological analysis each scat was freed from dirt and sand 
by floating off the chitinous parts of the insects in water and collecting 
them by filtration. They were then suspended in alcohol. The relative 
proportions of ants to termites were determined by counting, along 
random transects, identifiable parts in thinly spread aliquots of each 
suspension. Twenty-seven out of 43 scats examined contained 80 % 
or more ants and 19 of them contained ants only. On the other hand, 
no scat contained 100 % termites and only 3 out of the 43 contained 
80% or more termites. It would appear that T. a. aetdeaftw in the 
southern tablelands is principally an antcatcr. 

TI;c frequencies of occurrence of the species of termites eaten 
appear to be in proportion to their relative accessibility to the 
echidna. Nasutitermes cxitiasus is an extremely common termite, 
while Ilcterotcrmes ferox and the two species of Coptotermes may 
not be common but because of their nesting habits they arc much 
less accessible; thus N. cxifiosits was found in 46% of the scats, //. 
ferox in 12% and C. lacieiis also in 12% of them, while C. frcnchi 
and Amltcrmes nco^crmanus were found once only. 

As well as ants and termites, the occasional odd item turns up in 
echidna scats and stomachs; Scraon (1899) found that Queensland 
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echidnas sometimes ate earthworms and small beetles; parts of 
Orthoptera, and larvae of the cossid moth, Xyleuies, have been en- 
countered. The latter are upwards of 3 in. long and as thick as a 
little finger; very likely they were crushed to a suitable consistency 
with the snout before ingestion. This is certainly their technique in 
handling thick scarab larvae found in pastures; the snout is thrust 
with a vigorous cork-screw action into the soft soil and the larva, 
presumably located by sense of smell, is squashed at the bottom of 
the hole made by the snout and it is then licked out by the tongue. 
Coleman (1935) observed similar behaviour in her tame echidna when 
it ingested beetle larvae. 

Some echidnas appear to be indiiTerenl to the presence of an 
observer and will obligingly range and feed for long intervals of 
time. When on the march for food the echidna has a busy inquisitive 
air sniffing and poking here and there with its snout (see p. 94) and 
suddenly it will dart from the line of march and dig rapidly removing 
stones if necessary with claws and snout and will lick up the exposed 
ants or termites as the case may be; the whole performance has an 
air of more than a little ferodty. A feeding ground used frequently 
by echidnas has the look of an area tom up by feral pigs (Fig. 7). 

Unlike the southern tablelands echidna, the West Australian 
numbat, Mymecohius fasclatus, otherwise known as the marsupial 
antcater, is principally a termite eater (Calaby, 1960). It is entirely 
possible, however, that echidnas elsewhere may have different food 
preferences and may eat far more termites than ants; the one scat 
of a Western Australian echidna that I have studied consisted of 
93 % N. exitiosus. 


Movements 

In the previous seetioa it was claimed that echidnas stop feeding 
on meat ants when the virgin queens leave the mounds but it could 
be argued that the echidnas also leave the area at that time and 
return in late spring, and that if they were in the area in summer 
they might well attack the mounds and eat worker meat ants. How- 
ever, from evidence of the movements of some echidnas that were 
released in the study area, this is unlikely. Eleven echidnas collected 
from various parts of the Australian Capital Territory were identi- 
fied by means of a numbered metal band clamped around a back 
leg and were let loose in the study area on the following dates: one 
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on September 14, 1964, one on October 21, 1964, six on November 
n, 1964, one on July 21, 1965, and two on August 31, 1965. Four 
of these were apprehended in the study area 350, 346, 40, and 28 
days after release (Table 5). In spite of the fact that six echidnas were 
released on November 11, 1964, and the banding evidence indicates 
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but there are exceptions; the results of the banding programme that 
have come to hand so far are summarized in Table 5. In addition 
to the II released at Mount TidbinbiHa 17 banded echidnas of various 
weights and from various places were released at Mt. Majura, a 
region of dry sclerophyll eucalyptus forest known to harbour 
echidnas. To date, three echidnashavebetnrctaken, 240, 475and 509 
days after release in the same area. The one taken 509 days after 
release originally came from Mt. Majura. 

Another series of releases were made at Gungablin, situated about 
3 miles from ML Majura, in cleared pastoral country; 34 animals 
were released here and of these 9 have been recaptured at intervals 
of 5-830 days after release and at distances of 0*5-11 miles away 
from the point of release. It should be explained that 7 of the re- 
captured echidnas had headed south to the city and had been cap- 
tured by townspeople; one eluded capture for 300 days and had 
probably been living in a nearby belt of sclerophyll eucalyptus foresL 
The eighth recapture, No. 28010, was noteworthy in that the echidna 
had been caught at a ranger^s cottage on Ml Majura and bad been 
taken by a circuitous route through Canberra to Gungahlin, where 
it was banded and released; within 7 days it was recaptured back 
at the ranger’s cottage, covering in that lime at least 3*4 miles. 

Doubtless many of the missing 25 echidnas headed north into 
sparsely populated rural country and have thus eluded capture. The 
fact that seven of the Gungahlin releases were found in the city area 
is not to be discounted as unnatural since echidnas m\’ade the city 
from lime to time as has already been noted. Nearly all of the 
banded animals that headed into the city \sere sub-adults, but seven 
of the total number released at Gungahlin were as big or were bigger 
than those recaptured at Mt. Tidbinbilla. Since none of these, with 
the exception of No. 26902, have been retaken near Gungahlin, 
despite the alertness of over 80 CSIRO staff located there, it suggests 
that the country around Gungahlin is simply unsuitable for echidnas 
and that they all mosed out of the area with the exception of No. 
26902. 

On the whole the data indicate that when an habitat is suitable 
an echidna will slay put when released there, no matter how far it 
is from its usual home area; if it is not suitable the echidna srill 
trascl and try to find a congenial “Lebensraum”. 

Just how No. 28010 managed to return to where it was caught 
originally is a matter for conjecture; it may base homed or it simply 
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arri\'ed there by chance, but in view of an experience described by 
Seraon (1899) I incline to the view that echidnas have a well-devel- 
oped “Ortsinn”: one of Seraon’s blacks caught an echidna and 
carried it four miles back to camp enclosed in a sack, but during 
the night it broke out and decamped. On the folIo\ving morning 
one of the blacks followed its tracks which led straight back to 
where it had been caught the day before, and where ‘'the creature 
was found peacefully slumbering in its self-dug burrow”. 

The elapsed time between release and recapture and the distance 
travelled in that time (Table 5) give no idea of the rate of travel of 
echidnas; however, in one instance an echidna released at Gungahlin 
was followed at a discreet distance in a motor vehicle the milometer 
of which had been calibrated; the echidna travelled 0*8 mile in 
1 *75 hr and during that time it fed thrice and it was still moving 
smartly when the observations were called off. It is clear then that 
an echidna can travel quite long distances in a short time in search 
of a proper habitat 


Parasites 

A fist of the internal parasites of Australian mammals has been 
published by Mackerras (1958) and from this it is established that 
Tachyglossus harbours one sporozoan, Tlieileria mehyg/osj» (Priestley, 
1915) which occurs in the blood; two ccstodes which were found in 
the intestines. Taenia cchidnae (= Unstowia echidnae) (Thompson, 
1893; Zschokke, 1899), and Cittotaenia tachyghssi (Johnston, 1913) 
and two intestinal nematodes, NicoUina lachyghssi and N. echidnae 
(Baylis, 1930). Recently two more endoparasites have been reported; 
Dipelalonenia sp., a new species of filarian nematode found in the 
subcutaneous tissues (Mackerras, 1962) and a new piroplasmid 
sporozoan (Backhouse and BolUgcr, 1959) which occurs m the red 
cells of the blood. The multiplication of this parasite is by budding 
to form 8 daughter-cells; although the parasitaeraia Is usually low 
it can rise to high levels and in some animals 90% of the red cells 
arc infected. 

Tachyglossus also carries a number of ectoparasites including 
fleas, ticks, and mites. Authorities and synonymy for four of the 
fleas, Echidnophoga ambulans ambulans, E. ambulans inepta, E, 
galhnacea, E. Iiopus, arc gben by Hopkins and Rothschild (1953). 
Of these, E. hopus has been recorded from echidnas only and the 
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Other fleas mentioned have been found on various animals. Bradio- 
psylla echidnae (Jordan and Rothschild, 1922), another flea, has been 
taken from Tachyglossus in Tasmania, Victoria, and New South 
Wales; it has also been found on a marsupial, but there is no doubt 
that its proper host is the echidna. 

Eight species of ticks (Acarina : Ixodidae) have been found on 
Tachyglossus: Haemaphysalis hiimerosa, Aponomma concolor, Ap. 
tachyglossi, Ap. undatiim, Amblyomma papuanum, Amb. australiense, 
Amb. echidnae, and Amb. inoyi. 

Roberts (1963, 1964) gives the detailed taxonomy of these genera; 
of the eight species listed here, Ap. tachyglossi, Amb. papuanum, 
Amb. australiense, Amb. echidnae, and Amb. moyi have not been 
found on any ammal other than echidnas.^ A species of tick, 
Ixodes zaglossi, has been found on Zaglossus bruijni (Kohls, 1960). 

Lice have not been detected on echidnas but a species of mite, 
Mesolaelaps australiense is found on T. aadeaius acanthion (Domrow, 
1962) but it also occurs on many other mammals. 

‘ Another species of tick, Ixodes tasmani occurs on a number of mammals, 
Including Tachyglossus a. setosus, in Tasmania (Roberts, 1964, Rec. Q. Vic. Mus. 
Launceston). Aponomma oudemansi has been found on Zoghssus. 



CHAPTER 2 


INTAKE OF FOOD, DIGESTION, 

AND BODILY FUNCTIONS 

INTAKE OF FOOD 

The insect prey is picked up by the sticky tongue and transferred 
to the back of the buccal cavity where it is comminuted to a paste- 
like consistency by the grinding action of a set of spines at the base 
of the tongue against sets of transversely arranged spines on the 
palate (Home, 1802; Griffiths. 1965a). The tongue is absolutely 
necessary for the existence of the echidna for without it there is no 
other way it could catch and ingest its food. The muscles that bring 
about the grinding of the food have been described by Duvernoy 
(1830) and by Fewkes (1877). In cross-section (Fig. 8) the tongue is 
seen to contain two longitudinal cylindrical muscles which extend 
from their insertions at the sternum, right through the base of the 
tongue, to a point about one-third of the length from the tip. The 
two cylindrical muscles are the m. stemo-glossi which really consist 
of two muscles each: the m. stemo-glossus superior and the m. 
stemo-glossus inferior; both arise on the underside of the sternum 
and pass forward to unite to form the cylindrical muscle of each side 
of the tongue. Surrounding the two cylindrical longitudinal muscles 
inside the tongue are loose sheaths of circular muscles (Oppel, 1900). 
Since the base of the tongue is fixed, the contraction of these circular 
muscles deforms the lon^tudinal muscles so that they squirt for- 
ward and thus the tongue is extruded. The circular musculature does 
not contract uniformly along the tongue since high speed cinema- 
tography shows that definite annuli appear at intervals along the 
tongue during the extrusion phase, indicating that portions of the 
musculature contract more than neighbouring portions. Retraction 
is brought about by the relaxation of the circular muscles and the 
contraction of the stemo-glossi. 

Outside the pharynx at a position just posterior to where the 
m. stemo-glossi enter the base of the tongue, those two muscles and 
34 
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the posterior half of the tongue are covered by a series of transverse 
flat muscles. The superficial muscle of this series is the m. depressor 
mandibulae anterior (Schulman, 1906); this is very thin and arises 
from the raphe in the middle line, midway between the rami of the 
lower jaw, while the lateral portions are inserted into the maxillae. 
Beneath the superficial muscle is a larger, stronger muscle, the 
m. myloglossus (= mylohyoideus of Duvernoy and Schulman). This 
also arises from a common raphe with its fellow of the opposite side 
along the mid-line of the throat together with a deeper layer — the 


m.sterno-glossijs 



Fig. 8. Cross-section of proximal region of the tongue of Tachyghssus 
a. aciileatus. Heidenham’s iron hacmatoxylin. I. 


m. annulus inferior. The m. myloglossus is inserted on the underside 
of the skull. The m. annulus inferior passes over the m. sterno- 
glossus of each side and is inserted by a strong attachment which also 
forms the back of the tongue. The contraction of all three of these 
transverse muscles presses the base of the tongue against the roof of 
the mouth. 

A fourth transversely arranged muscle lies posterior to the mylo- 
gtossal muscle. This is the m. stylo-glossus. Its origin is the stylo-hyal 
cartilage at its proximal end, just posterior to the ear tube. It forms 
with its fellow of the opposite side a loop which extends to its 
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insertion in the median raphe. Contraction of this 

press the base of the tongne against the roof of the * 

has a posteriorly directed component combined with that of the 

sterno-glossi. This posterior pull is opposed by two 

(Fig. 9) which pull the base of the tongue forwards. The alternat 



Fig. 9. Dissection of musculature of tongue. After Duvemoy (1830). 


contraction of these two opposed sets of muscles produces the grind- 
ing action of the base of the tongue pressed against the roof of the 
mouth. 

At the region which lies about one-third of the length of the 
tongue from the tip, the circular muscles are progressively replaced by 
radially arranged muscles which invade the stemo-glossi. The origins 
of the radial muscles are in the dermal layer found beneath the 
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stratified epithelium of the tongue and their insertions are either in 
the form of median raphes or of connective tissue sheaths around the 
central bundle of blood vessels and nerves (Fig. 10). Thus the stemo- 
glossi near the tip are subdhdded into 6-8 smaller longitudinal 
muscles. Tljese, along with the radially arranged musculature, give 
extraordinary mobility to the anterior part of the tongue, endowing 



Fia. 10. Trans\-crse sections of longue at three different Icscis from the tip, 
sho\sing progrcssi>c replacement of circular muscles by radially arrang^ 
muscles. Heidenhain's iron haematoxjlm. x9'8. 


it With the ability to dart right and left, up and down, in pursuit of 
rapidly moving insects. 

The tongue is covered by the usual stratified squamous cpilhcHum 
which is Ihiclccst on the dorsal surface. Dcneath the stratum germina- 
li^Tim of this epithelium is a layer of loosely arranged connective 
tissue; in between the two stcmo-glossi, blood vessels and ners’cs 
pass from one end of the tongue to the other. At the hind end of the 
tongue in the middinc just posterior to the spiny protuberance, two 
slits, forming a V, arc found. These lead into deeply seated circum- 
vallate papillae (Fig. 11) in the trenches of which taste buds arc 
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found (Oppel, 1899). Large, well-developed glands of von Ebner 
discharge into the trenches around the papillae. It must be emphasized 
here that circumvallate papillae occur only in the tongues of mam- 
mals. As well as these papillae sets of papillae foliatae are found 
laterally and posterior to the homy protuberance; these are also 
equipped with taste buds but the foliate papilla is much smaller than 
the circumvallate type. All these sets of taste organs are situated 



Fio. 1 1 . Section of circumvallate papillae situated below the dorsal surface 
of epithelium of the tongue. After Oppel (1899). 


precisely where they would receive a maximal stimulus, i.e. where the 
insect prey is crushed and homogenized. 

The enormous tongue Zaglossus bruijni has been described by 
Kolmer (1925) and from his account it is apparent that the organiza- 
tion of the muscles and the keratinous grinding apparatus are 
similar to those in Tacliyglossus. The end of the tongue in Zaglosstis 
is different in that it bears several rows of regularly arranged horny 
teeth which are directed backwards. It is also different in that the 
circumvallate papillae are situated at the surface of the tongue, not 
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at the bottom of two sUts in the epithelium as in the Tachyglossus 
tongue. 


DIGESTION 

In the buccal cavity the ground-up insects are permeated with 
saliva secreted by the sublingual, submaxillary, and parotid salivary 
glands. For some strange reason Owen (1847) failed to find the 



Flo. 12. Longitudinal section through portion of the alimenta^ cm 
showing the strongly stained Brunner’s glands and the non-glandular 
stratified epithelium which is typical of the whole stomach lining. Penodic 
acid-SchilT stain. (Grimths, 1965a.) xl02. (Reproduced from Comp. 

Biochem. Physiol.) 

parotid glands, and called the sublingual the submaxillary gland. All 
three sets of glands have well-defined ducts (Hochstettcr, 1896) 
opening into the buccal cavity, but the ducts of the sublingual glands 
particularly noteworthy. Each gland is lobulated, roughly 
triangular in shape, and narrow’est at the anterior extremity from 
''hich a large duct emerges and passes forwards to the interspace 
^tween the lower jaws (Owen, 1847). Here each duct divides into 
S“10 branches which subdivide into branchlets and communicate 
"■ilh the buccal cavity by numerous openings situated along the 
Brcatcr part of the floor of the mouth. This affords an efficient 
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method of lubricating the long tongue with the sticky mucus-like 
secretion so that the insect prey adhere to it. This is an extraordinardy 
effective method of ingesting food and a fair-sized echidna of about 
3 kg weight can ingest 200 g wet weight of termites, enough to 
maintaiu growth if the echidna is kept in the laboratory, in a matter 



P» 

Fio. 13. pH Optima of am>lase and proteinase actiNTties in echidna succus 
entcricus and of am>1as< activity in icrmite extract. O — O, Termite am>U$e. 

X X, Amylase of succus entencus. • Proteinase of succus 

cntericus. (Gnffilhs, 196S3.) (Reproduced from Comp. Biochem. Physiol.) 


of 10 min; the distensible stomach accommodates a meal like this 
with case. The whole inner surface of the stomach is lined with a 
stratified cornified epithelium (Oppcl, 1896a) and there arc no glands, 
fundic. cardiac, p>loric, or otherwise (Fig. 12); the pH of the stomach 
lining is about 7-3 and the pH of the stomach contents 2-4 hr after 
ingestion of a meal of termites {S’asutiiermes exiihnts) does not fall 
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below 6 ’2. The stomach lining has no intrinsic digestive enzyme 
activity, but the saliva contains an a amylase active at neutral pH so 
that doubtless the enzyme is active in the stomach, degrading 
glycogen in the homogenized insects permeated with saliva, to 
carbohydrates of low molecular weight. The termites themselves 
also have amylase activity with an optimum close to the pH of the 
stomach contents (Fig. 1 3); a circumstance that would also contribute 
to digestion of carbohydrate of high molecular weight. 

The absence of glands from the echidna stomach would appear to 
be a monotreme specialization since the stomach of Ormthorbynchus 
is also lined with cornified stratified epithelium (Oppel, 1896a), but 
at least two other insectivorous mammals, Onychomys torrUhis 
(Horner, Taylor, and Padykula, 1965) and Manis Javanica (Oppel, 
1896b) have stomachs that are almost completely lined with cornified 
stratified epithelium, with the exception of a pouch of typical gastric 
tissue which communicates with the rest of the stomach through a 
small orifice. The stratified epithelium in the stomachs of all those 
animals could be an adaptation for the handling of rough insects 
interlarded wth much dirt — the ratio of dirt to insects, by volume, 
in the scats of echidnas living in the southern tablelands was found 
to be 2:5. Horner ct ah noted that Onychomys ate much dirt and 
Calaby (1960) also observed that the scats of Myrmccobins fasciatus 
contained a large proportion of sand and dirt, but Myrmecobius has 
no stratified epithelium whatever in its stomach (Griffiths, unpubl.), 
the stomach lining consisting of the usual fundic, cardiac, and 
pyloric glandular tissues, A stomach lining of cornified stratified 
epithelium is therefore not mandatory in insectivorous mammals 
ingesting dirt along with their insects, but it probably contributes to 
a more efTeclivc comminution of the hard insects — the grinding 
action of the dirt no doubt assisting greatly to that end. 

The non-glandular epithelium of the stomach continues without 
interruption by a pylorus into a relatively narrow lube which corres- 
ponds in position to the duodenum in cuthcrian mammals. At this 
region a prominent set of Brunner’s glands, situated between the 
stratified epithelium and the muscular layers, opens by a series of 
ducts into the pseudo-duodenum. At the posterior margin of the 
glands the stratified epithelium is replaced by numerous finger-like 
Nilli clothed by a columnar epithelium, many of the cells of which 
contain 1,2-giycol linkages which stain strongly with SchifT's 
reagent. This is the epithelium of the small intestine which, in an 
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echidna of 3000 g body weight, is 11 ft long. The cpilhelium of the 
small intestine presents a uniform histology from the stomach to its 
union with the large intestine and rectum, and it is organized into 
typical glands of Licberkiihn (OppcI, 1897); the distal portions of 
the villi are covered with a simple columnar epithelium, the central 
parts of the gland are covered with goblet cells loaded with mucigens 
— the indian-club shaped bodies seen in Fig. 14, and the deeper parts 
of the gland or the crypts contain Panclh cells loaded with secretion 
granules. 



Fig. 14. Parasagittal section of portion of the small intestine. The Indian 

club shapes indicate goblet cells loaded with 1.2-glycol linkages. Periodic 
aad-Schiff stain. (Griffiths, I965a.> xH7. (Reproduced from Comp. 
Biochem. Physiol.) 


A small caecum, apparently an appendix (Diener and Ealey, 1965) 
about 1 in. in length, marks the commencement of the large intestine 
leading into the rectum which terminates at the cloaca. The length of 
the large intestine + rectum is approximately 16 in. The histology of 
the large intestine is similar fo that of the small intestine, except that 
there are but few Paneth cells in the crypts of Lieberkuhn. 

The two great appendages of the gut, the liver, and the pancreas 
pour their secretions into ducts which combine, near their entrance 
into the small intestine, into a common pancreatic and bile duct 
that enters the small intestine at a point 10-11 mm posterior to the 
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end of the pseudo-duodenum. Internally both the pancreatic and 
bile ducts are seen to be convoluted (Fig. 15) and, at the point of 
entrance of the combined duct into the intestine, a ring of glands, 
giving a positive reaction to Schiff reagent and identical with 
Brunner’s glands, also opens into the small intestine. As far as I 
know these glands have not been noted before (Griffiths, 1965a). 

The bile passed into the intestine contains bile salts which promote 



Fio. 15. SagiUal section through small intestine and portion of the com- 
bined pancreatic and bile duct. The mucigenous glands \shich discharge 
into the small intestine may be seen at the junction of the duct and small 
intestine. Ligation of the duct u*as carried out at the position indicated. 
Periodic acid-Schiff stain. (GrifTiths, 1965a.) x9’3. (Reproduced from 
Comp. Biochem. Physiol.) 

digestion of fat by emulsification of triglycerides to form small 
droplets thereby increasing several-fold the surface exposed to the 
action oflipascs. The bile salts have a hydrotropic effect on the fatty 
acids liberated by lipase and (hey also unite in the intestine with the 
fatly acids to form complex compounds which pass readily into the 
columnar cells of the intestinal \illu In the nuthcria the bile salts 
arc principally the sodium salts of taurocholicand glycocholic acids; 
smaller amounts of bile salts formed from other C,i acids — dcoxy- 
cholic and chcnodcox>cholic — conjugated with taurine and glycine. 
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also occur. In the bile of Carnivora taurocholic acid prevails; in 
rabbits, hares, and pigs, glycocholic acid is present almost ex- 
clusively; in ox bile sometimes taurocholatc is in excess, some- 
times glycocholate. However, in the bile of the marsupials so far 
examined and in that of monotremes, salts of C„ acids conjugated 
with glycine have not been detected (Bridgwater, Haslewood, and 
Tammar, 1962), Sodium taurocholatcis the bile salt Tachyglossiis 
and Ornlthorhyncbus but »t is accompanied by a trace of taurodeoxy- 
cholate in the latter (Bridgwater ct at.). 

The mucosa of the small intestine of Tachyglossns contains a 
number of disaccharidases (Kerry and Messer, unpubl.). These 
authors have very kindly allowed me to quote their results sum- 
marized in Table 6. From these data it is apparent that adult echidna 
intestine has maltase and isomaltase activities, very low lactase, 
cellobiase, and sucrase, but high trehalase activities. The latter 
observation is of particular interest sin<» trehalose — a disaccharide 
containing two molecules of glucose— is physiologically important to 
insects and indeed it constitutes their principal blood sugar (Gilmour, 
1965) ; thus the elaboration of an enzyme by the echidna intestine for 
the hydrolysis of that sugar is a necessity if all the carbohydrate in 
the diet is to be assimilated. 


Tabu 6 


DisacchariJase activity of intestinal mucosa in various mammals. Activity is 
expressed as p moles of substrate hydrolysediminig wet weight of mucosa 



Tachyghssus 
(one adult 
animal) I 

' Man 

(baby) 

Ferret 

(adult) 

Cat 1 
(adult) ! 

1 

Sheep 

(adult) 

Maltase 

3-3 

9-5-28-0 

J4-0 

20-0 

1-4 

Isomaltase 

2-0 1 

2'2-130 







Suciase 

0*01 

2-6-13'0 

3-3 

2-8 

0-02 

Lactase 

0-0036 

tO-62 1 

0-13 


0-82 

Cellobiase 

0 028 

0-2-1 -0 1 





Trehalase 

5-4 

0-6-2-8 


O-OOOI 

0-02 


The succus entericus squeezed out from the small intestine 
posterior to the entrance of the combined pancreatic and bile duct 
has lipase, amylase, and trypsin-like activities, the pH optima for 
the last two being 7-5 and 7-2 respectively (Fig. 13). Water extracts 
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offresh pancreas have am, lase.cW 

'Zt'had been 

of an echidna whose combined bile and pancreatic duct had been 
hgated 79 days before; the lipase activity, however, was almost 
equal to that of normal succus entencus. 



Fig. 16. Rate of passage of termites through ecludn^ and f 

Isoodon macrourus. O O, Male echidna, weight 2500 g. Fed S Cnp 

femes lacleus at zero time and then 100 g Nasutitermes exiiiosusZ^ hr later. 

□ □. Same animal a week later. Fed 200 g Coptotermes at zero tune 

and then 200 g Nasulilemes 24 hr later. X 

625 g. Fed 120 g Coptotermes at zero hr followed by 120 g , 

24 hr later. (Griffiths, 1965a.) (Reproduced from Comp. Biochem. Physiot.) 


The effects of the absolute lack of bile and of a deficiency o 
digestive enzymes on the physical well-being of this echidna were 
less than might be expected. A daily ration of about 100 g termites 
either alive or deep-frozen enabled it to maintain body 
(Table 7) and to exhibit lively behaviour in spite of a negative fat 
balance and a large excretion of N* in the faeces. It may be argued in 
explanation that the proteinases, lipases, and amylases of the termites 



FOOD, DIGESTION, AND BODILY FUNCTIONS 


47 


are active in the alimentary tract and provide assimilable food to the 
echidna, but termites heated to 80°C for 3 hr, and presumably 
lacking active enzymes, were equally effective as fresh termites in the 
maintenance of body weight. Another possibility, that termites con- 
tain quantities of free amino acids, cannot be discounted as an 
explanation of ease of assimilation, since some insects are known to 
possess large amounts of free amino acids in their tissues (Gilmour, 
1961). 

A third possibility is that ligation of the duct decreased rate of 
passage of the food; whether or not this is so it is certain that the 
digestive enzymes of normal echidnas have ample time to act on their 
substrates since the rate of passage of termites is slow. This was 
established by feeding echidnas a maintenance diet of a given amount 
of N. exiliosus daily and then giving one feed of a different termite, 
Coptotermes hcteus, followed by the usual maintenance feed 24 hr 
later. The Coptotermes served as a marker since the structures of the 
heads of the soldiers and of the Jaws of the workers differ from those 
of Nasutitermes. The parts of the ground-up exoskeletons of both 
species appear in the faeces apparently unchanged so that it is possible 
to count directly the number of each species in aliquots of the faeces. 
The results are summarized in Fig. 16. Feeds of 100 or 200 g wet 
weight are cleared in about 2 days; a very slow rate compared with 
that through a facultatively insectivorous marsupial, hoodon macron- 
rus (Fig. 16). This jinimal has a glandular stomach very like that of a 
carnivorous eutherian (OppcI, 1896a); presumably the gastric 
digestion in the stomach permits a faster rale of passage than in the 
echidna which has no intrinsic stomach digestion. Another factor 
that one might suppose contributes to the slow rate of passage of 
food through echidnas is the great length of the intestine. 


NITROGEN EXCRETION. N, RETENTION, 

AND GROWTH 
Excretion 

In 1S9S Ncumcister demonstrated that protein catabolism of 
echidnas is the same as that in the eutherian mammals, i.e. the prin- 
cipal end-product of that catabolism is urea. This was confirmed 
by Mitchell (1931). 

Urc.i is synthesized from CO, and the NH, of the deaminated 
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of fresh pancreas have amylase activity and water extracts 

dried pancreas contain lipase (Griffiths, 1965a) In all prob bffity 

most of that amylase and trypsin-like acuvrty 

is secreted by the pancreas, since it was found that the activity o 

hL enzymes vvas reduced toavery low levelmthesuccusen^^^^^^ 

of an echidna whose combined bile and pancreat.c duct had ten 

ligated 79 days before; the lipase activity, however, was almos 
equal to that of normal succus entcricus. 



Fig. 16. Rate of passage of tennites through 

Isoodon macTOurus. O O, Male echidna, weight 2500 g. Fed 1 

termes lacleus at zero time and then 100 g KasMitermes exitiosus2* 

□ o. Same animal a week later. Fed 200 g Copiotermes at zero time 

and then 200 g ffasutitermes 24 hr later. X ^X, Male Jsoodon, wei^ 

625 g. Fed 120 g Copiotermes at zero hr followed by 120 g hasuUterm 
24 hr later. (Griffiths, 1965a.) (Reproduced from Comp. Biochem. Fhysioi.) 


The effects of the absolute lack of bile and of a deficiency o 
digestive enzymes on the physical well-being of this echidna wxre 
less than might be expected. A daily ration of about 1(X) g termitw 
either alive or deep-frozen enabled it to maintain body ^ 

(Table 7) and to exhibit lively behaviour in spite of a negative fat 
balance and a large excretion of N, in the faeces. It may be argued m 
explanation that the protdnascs. Upases, and amylases of the termites 
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are active in the alimentary tract and provide assimilable food to the 
echidna, but termites heated to SO^C for 1 hr, and presumably 
lacking active enzymes, were equally effective as fresh termites in the 
maintenance of body weight. Another possibility, that termites con- 
tain quantities of free amino acids, cannot be discounted as an 
explanation of ease of assimilation, since some insects are known to 
possess large amounts of free amino acids in their tissues (Gilmour, 
1961). 

A third possibility is that ligation of the duct decreased rate of 
passage of the food; whether or not this is so it is certain that the 
digestive enzymes of normal echidnas have ample time to act on their 
substrates since the rate of passage of termites is slow. This was 
established by feeding echidnas a maintenance diet of a given amount 
of N. exitiosus daily and then giving one feed of a different termite, 
Coptotermes lacteus, followed by the usual maintenance feed 24 hr 
later. The Coptotermes served as a marker since the structures of the 
heads of the soldiers and of the jaws of the workers differ from those 
of NasutUcrmes. The parts of the ground*up exoskeletons of both 
species appear in the faeces apparently unchanged so that it is possible 
to count directly the number of each species in aliquots of the faeces. 
The results are summarized in Fig. 16. Feeds of 100 or 200 g wet 
weight are cleared in about 2 days; a very slow rale compared with 
that through a facultatively insectivorous marsupial, Isoodon macrou- 
rus (Fig. 16). This jinimal has a glandular stomach very like that of a 
carnivorous cutherian (Oppel, 1896a); presumably the gastric 
digestion in the stomach permits a faster rate of passage than in the 
echidna which has no intrinsic stomach digestion. Another factor 
that one might suppose contributes to the slow rate of passage of 
food through echidnas is the great length of the intestine. 


NITROGEN EXCRETION, N, RETENTION. 

AND GROWTH 
Excretion 

In 1898 Ncumcistcr demonstrated that protein catabolism of 
echidnas is the same as that in the cutherian mammals, i.c. the prin- 
cipal cnd-produci of that catabolism is urea. This was confirmed 
by Mitchell (1931). 

Urea is synthesized from COi and the NH, of the dcaminated 
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amino adds derived from the “worn-out” protein by the following 
series of enzymatic reactions: 

(1) COj + NH, + adenosine triphosphate Carbamyl phos- 
phate 

(2) Carbamyl phosphate -1- aspartic acid Carbamyl aspartic 
acid 

(3) Carbamyl aspartic acid -1* ornithine Carbamyl ornithine 
(citrulline) 

(4) Citrulline + aspartic acid Arginosuccinic acid 

(5) Arginosuccinic acid ->■ Arginine -f fumaric acid 

The arginine is hydrolysed to ornithine, which re-enters the cycle, 
and to urea by the enzyme arginase whose presence has been demon- 
strated in echidna liver by Denton, Reich, and Hird (1963) arginase 
is not found in the livers of birds where uric add is the principal 
end-product of protein breakdown. 

Urea accounts for 82-90% of the nitrogen in urine and, as one 
might expect in a mammal, very little N, is excreted in the urine as 
uric acid; the daily excretion is of the order of 10 mg and the serum 
levels vary from undetectable amounts to O-l mg per 100 ml. The 
average blood urea level is 50 mg% (range 29-92). This is quite 
unlike the partition of Nj in the blood and urine of Sauropsida; 
there, uric acid is the major nitrogenous constituent and the tissues 
of those animals lack uricase, the terminal enzyme in a chain of 
enzymes responsible for the degradation of purines in mammals. 
Like most eutherians, echidnas possess uricase in their livers, which 
oxidizes the uric add to allantoin (Griffiths, 1965a). 

As one might expect from the foregoing, the tachyglossid kidney 
is a mammalian structure, in fact it resembles a rabbit kidney 
externally and bears no resemblance to the lobulated organ found 
in the Sauropsida (Figs. 17 and 49). Renal arteries and veins enter 
the medial cavity or hilus of the kidney and from here the ureter 
leaves it. The ureter communicates with a simple cavity in the kidney 
called the pelvis into which projects one papilla only. From the 
papilla collecting tubules radiate out forming an entity known as the 

• The rest of the urea-cycle enzymes have just recently been demonstrated In 
echidna liver (F. A. Hird, person^ communication). The activities expressed as 
jimoles product/hr/g fresh liver arc as follow; carbamyl phosphate synthetase, 
469-630; ornithine transcarbamylasc. 16.500-22,800; arginosuccinate synthetase, 
41-64; arginosuccinate lyase, 201-384; arginase, 18,650-21,300. 
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pyramid or the medullary substance, the widest part of the pyramid 
being capped with the “kidney” shaped cortex in which the dark 
knots of the glomeruli of the malpighian corpuscles can be distin- 
guished. The medullary substance contains uriniferous tubules of the 
two kinds, the secretory portions which help form the urine and the 


Posterior vena cava 



Fio. 17. Arterial supply and trnous drainage of kidneys of Tachyshssus 
aculeatus. Probably a young specimen since Ihe adrenals arc relatively 
enormous. After Hochstetter (1896). 


collecting ducts which unite to form large ducts, the “Sammcl- 
gangc” or21arnik (1910), in the papilla. These communicate, through 
openings in the area cribrosa at the base of the papilla, with the pelvis 
and from here urine is led lo the urogenital sinus by the ureters which 
enter at the dorso-Iatcral aspect of the sinus (Fig. 49). How the urine 
gels into the bladder which depends from the ventral surface of the 
urogenital sinus, is not known. 

Fingcr-likc projections composed of collecting tubules and 
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uriniferous tubules enter the cortex at various points forming 
medullary rays (Fig. 18). 

Zamik has used, with conspicuous success, the technique of 
maceration with strong acid for the study of isolated nephrons and 
their connections with the collecting tubules. Each nephron consists 
of Bowman’s capsule, which surrounds a glomerular tuft of blood 
vessels, and the successive parts of the tubule leading away from 
Bowman’s capsule; the proximal convolutions, the descending limb 


Proximal tubutes Gtomenilus Medullary rays 



Fig. 18. Section of portion of kidney of ocu/ea^uj.Haema* 

toxylin and cosin. (Griffiths, 1965a.) xHt. (Reproduced from Comp. 
Biochem. Physiol^ 


of Henle’s loop, the thin segment of the descending limb followed by 
the ascending limb, and the distal convoluted tubule which is 
connected to the straight collecting tubule by the arched collecting 
tubule. In Tachyglossus and other mammals the proximal and distal 
convolutions are found within the cortex and the loops of Henle 
penetrate deeply into the medulla (Fig. 19). In this figure, which is 
taken from Zamik’s monograph, it can be seen that the large neph- 
rons may have long, thin segments or short ones, and that one type 
of Henle’s loop has no thin segment at all. The descriptions up to 
this point would be perfectly applicable to the kidneys of many 
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Fio. 19. Isolated nephrons and their connections with collecting tubes. 
Diagrammatic, after Zamik (1910). Dotted lines indicate border between 
m^uha and cortex. 


primitive Eutheria, but as well as mammalion nephrons* the 
tachyglossid kidney exhibits the curious dwarf nephrons (Zwerg- 
kanalchen of Zamik) that arc to be found in the kidneys of many 
reptiles. They consist of a small Bowman’s capsule and a short length 
of relatively uncoiled proximal tubule whose component cells have 
large nuclei and exhibit an embryonic appearance. The short tubule 
opens directly into a collecting tubule (Fig. 19). Zwerg-kanalehen 
* Sec Appendix III. 
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are unknown in the kidneys of adult cutherians but they have been 
observed in those of the 2-day-old rat. 

The blood supply and drainage of the kidney is entirely mammalian 
in that the renal portal system of the Sauropsida is not represented. 
Figure 17 shows the entry of the renal artery and the exit of the renal 
vein from the hilus of the kidney. The renal veins lead directly into 
the posterior vena cava. This drawing after Hochstetter (1896) is 
apparently based on the anatomy of a very young echidna since the 
adrenals drawn here are relatively enormous. An idea of their 
relative sizes and positions in an adult Tachyglossus can be formed 
from the photograph of a dissection of the male urogenital system 
reproduced in Fig. 49. 


Relention 

One item of the diet of Tachyglossus aaileatus, the termite Nasuti- 
termes exithsusy is about 8*5% N* w/w (dry), but a great deal of 
that Nt is in the form of tanned protein and chitin and is not 
assimilated by the echidna (Griffiths, 19653). This was shown by the 
fact that an intake of 4-28 g termite N,/day gave a grovrth rate of 
1 8 g/day whereas a much smaller intake of N't, 2 • 3 g/day, in the form 
of eggs, milk, and termites, gave a growth rate of 26 g/day and 
greatly improved Nj retention. Increases in weight and Ng retention, 
similar to those obtained when milk and egg proteins are fed, can 
also be obtained if enough termite N* plus a supplement of glucose 
is fed. However, very large amounts of glucose must be ingested to 
elicit an effect; for example, an echidna receiving 3*10 g of termite 
Ng and a supplement of 14 g glucose/day increased in weight at the 
rate of 7 g/day and excreted 2*69 g Ng/day. When the glucose 
supplement was increased to 28 g/day the increase in body weight 
was 25 g/day and the N* excretion 2-50 g/day. Thus the large daily 
intake of 14 g glucose had a sub-maximal effect on Ng retention and 
the threefold increase in “growth rate”, which occurred when the 
supplement was increased to 28 g/day, reflects deposition of fat 
rather than true growth involving proportionate increase in protein 
formation. In spite of the fact that large amounts of glucose are 
ingested in a matter of 15—20 min in experiments of this nature, very 
little glucose is excreted in the urine. This argues that echidnas have 
a high tolerance for glucose and the data summarized in Fig. 20 show 
that this is so. From these data it is seen that the tolerance of glucose 
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Fio. 20. niowl sugar levels in echidnas fasted 24 hr and injected intr^ 
pcritoneally with glucose in 25% solution or with regubr «ns^ su?* 
cuianeously. #- — •, Glucose. Dosage 1*67 g/Vg body vvl. 3000 g ^ 
X— -X. Glucose: I -50 g/kg body wt. 2260 g J. X— X. Glu^: 1 - W 

^>ody wi. 2590 g 9. O O, Glucose; 0*26 g/kg body wi. 1900 g o» 

- from two echidnas. 


Regubr insulin; 3 uniis/kg. average curve . . 

(GriiTnhs, 1965a.) (Reproduced from Comp, nuvhem. Physiol.) 
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is very like that of carnivore eutberians. Practically no glucose 
appeared in the urine when the blood sugar rose to 190 mg% and 
only 0 • 8 1 g out of a total of 5 g injected, appeared in the urine when 
the blood sugar rose to 270 mg%. From this it may be concluded that 
the renal threshold of the echidna kidney for glucose is about 180 
mg % which is the threshold level in man. 

TTie fact that addition of carbohydrate to a natural food like 
termites improves gronth infers that carbohydrate or some other 
energy-rich proximate constituent is limiting for growth so that 
complete assimilation of carbohydrate is necessary. Various mech- 
anisms operate to that end: the absence of peptic digestion in the 
stomach and the high pH there probably facilitates fermentation of 
carbohydrates by prolonging action of salivary amylases and carbo- 
hydrases in the live food; a slow rate of passage of the food; a high 
renal threshold and good tolerance forglucose;ihe elaboration of trc- 
halase for the digestion of the disaccharide trehalose found in insects. 

However, it seems likely from some experiments in progress at the 
present time that cystine is also a limiting factor for growth. Analyses 
of amino acids in protcolytlc-cnzyme digests of N. exitiostis and 


Tabus 

The amino acids found in pronase digests of Jridomynuct delectus and of Nasu* 
tilermes exUiosus expressed as p moles of amino acidjg dry insects 


Amino aad 


Lysine 

Hislidine 

Ammonia 

Arginine 

Aspartic acid 

Threonine 

Serine 

Glutamic acid 

Proline 

Glycine 

Alanine 

i Cystine 

Valtne 

Methionine 

Isoleucinc 

Leuane 

Tyrosine 

Phenylalanine 


Nasutitermrs exitiosus 


174 

67 

412 

114 

270 

16S 

176 

368 

202 

290 

463 

trace 

232 

48 

145 

226 

144 

103 


Iridomyrmex deteclas 


72 

33 

268 

100 

167 

95 

94 

263 

141 

163 

181 

nil 

103 

31 

93 

132 

47 

44 
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Iridomyrmex delectus (worker caste onJy) show that very Jittle or no 
cystine is detectable in digests prepared in this way. The actual 
process involved digestion of the dried and powdered insects with a 
solution of pronase, a potent proteolytic enzyme of bacterial origin, 
followed by denaturation of the liquor at 100°C and further digestion 
with pronase. The total digest liquor was then filtered, freeze-dried, 
hydrolysed, and analysed by the Moore and Stein procedure. The 
amino acids found and their concentrations expressed against dry 
weight of insects are listed in Table 8. With this type of digestion 
practically no cystine and relatively little methionine (which can be 
converted to cystine) could be found. An enzymatic digestion, rather 
than acid hydrolysis of the insects, was chosen since the latter would 
digest tanned protein and chitin as well as the protein available to the 
echidna. As a matter of interest it can be mentioned here that 
Hackman (I960) found that acid hydrolysates of the cuticles of two 
arthropods, one an insect and the other a crab, contained no cystine/ 
cysteine and no methionine. 

Furthermore, many insect systems such as grasshopper eggs when 
digested with acid are found to contain no cystine, and in the 
haemolymph of many insects cystine is not detectable but many other 
amino acids are found there in high concentration (Hackman, 1956; 
Gilmour, 1961, 1965). 

With this information in mind the effect of a supplement of 
cysteine hydrochloride (readily oxidized to cystine) and of glycine 
on N, balance in an echidna fed N, cxiiiosus, was studied. A batch 
of termites sufficient for an experiment was thoroughly mixed and 
stored deep-frozen; thorough mixing is necessary since the N, 
content of termites can vary, thus different batches can have different 
Nj contents. This means that the control and experimental period of 
feeding must be done on the one batch of termites. From Table 9 it 
is seen that the finding (Griffiths, 1965a), that glucose improves N, 
retention and rate of increase of body weight, is confirmed. Addition 
of cysteine hydrochloride to the diet effects a further increase in 
body weight and improves Ns retention. Addition of glycine had no 
such effect, in fact it seemed to have a detrimental effect on growth, 
no doubt due to the “toxic” cffecls of amino-acid imbalance (sec 
Harper 1964 for review of this subject). At present then the indication 
is that cystine or methionine is a limiting factor for growth in the 
tcrmitc-fed echidna; further work will show xshether or not this is a 
statistical result. 
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Table 9 

Nitrogen retention and growth rates in an echidna fed termites with and without 
i ariaus supplements 


Number of 
daily 
observa- 
tions 

Initial 

weight 

(g) 

Growth 

rate 

(g/day) 

Diet 

(daily intake) 

Total 
average 
daily N* 
ingestion 
(g) 1 

Average 
daily Ni 
excretion 
(g) 

5 

2520 

-11 

l'94gtermiteNt 
+5 g glucose 

1-94 1 

I-9i 

5 


+7 

' I*95giennitcNi 
+ 15 g glucose 

1-95 

1-77 

6 

j 

1 +10 

New bt 

l-95gtenniteN* 
+ 15 g glucose 
+40 mg cysteine 
N. 

nch of termites 

1-99 

1 

1-75 

5 

2609 

+4 

l-92gtcrmiteN» 
+5 g glucose 

1-92 

1*70 

6 


+4 

l‘92gtennjteN* 
+5 g glucose 
+60 mg glycine 

N, 

1*98 

1-74 

5 


+21 

l•92gl«^miteN* 
+15 g glucose 

1'92 

1>63 

7 


+ 12 

1 -92 g termite Ni 
+ 15 g glucose 
+ 60 mg glycine 

N, 

1'98 

! 

1-79 


Nt excretion in torpid echidnas 

It has been reported (Grifliths, 1965a) that two echidnas that had 
been feeding «ell became torpid when kept in an unheated animal 
house during the winter. These two animals failed to eat for 72 and 
64 days respectively, and their body temperatures, like those of 
Martin’s hibernating echidnas (p. 20) were close to the ambient 
temperatures. During the last 2 sseeks of the period of torpidity, 
details of body weight and N, loss were recorded and it was found 
that the daily N, loss was 40 rog and 50 mg/day/kg body weight 
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respectively. They lost weight at the rate of approximately 7 g/day. 
Blood urea level was normal at 41 mg% but blood sugar levels of 
50 and 44 mg% were below the minimum values recorded for normal 
echidnas (Griffiths, 1965a). At the end of their fast each echidna fed 
well and put on weight rapidly. 

The rate of loss of nitrogen in these two echidnas was very like 
the rate of loss in the hibernating woodchuck, which excretes between 
29 and 50 mg/day/kg (Carpenter, 1938), The average loss in body 
weight of 3*8 g/day/kg sustained by the echidnas is also comparable 
with the loss of 2 • 07-3 • 29 g/day/kg that Rasmussen and Rasmussen 
(1917) found in woodchucks. 



CHAPTER 3 


SKELETON 

EARLY CHONDROCRANIUM 
Semon (1894) described the development of echidna embryos and 
pouch young and identified the various stages by numbers. In the 
stage 44 embryo Gsupp (1908) found that the cbondrocranium 
consists of two parachordal cartilages fused in the mid-line to form 
a basal plate from which occipital arches arise at the postero-lateral 
corners and at the other end two trabeculae are attached to its 
antero-ventral margin, while at the lateral corners of its anterior 
edge are found two processes, the pilae antoticae. Laterally and at the 
posterior end of the chondrocranium two auditory capsules in a 
pre-cartilagenous state are situated, with their cochlear portions in 
contact with the lateral edges of the basal plate. 

The hindmost parts of the trabeculae exhibit projections to the 
side forming a processus alaris which is the proximal part of the ala 
temporalis in other mammals. There is no indication of an ascending 
process in Tachyglossus, but in Ornithorhynchus there is a condensa- 
tion of cartilage at the distal end of the processus alaris correspond- 
ing to a rudimentary ascending process (de Beer and Fell, 1936). The 
absence of an ascending process or lamina ascendens has led to the 
idea that the ala temporalis is absent in Tachyglossus (Jollie, 1962). 
However, Terry (1917), quoted by Gregory and Noble (1924), in a 
study of the development of the skull of the cat, showed: 

that the "differences between the independent ala temporalis of the cat 
and the continuous ala of the mole are apparent rather than real”, and that 
this conception supports the homology of the ala temporalis of placental 
mammals with the ala temporalis of Echidna. 

Terry also states: 

whether the lamina ascendens of the cat should be regarded as an indepen- 
dent element in origin, or continuous with the basis cranii is a question 
which could be answered either way from the evidence here presented, and 
would be purely a choice of interpretations. 
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Two occipital condyles are already present as rudimentary bosses 
on the hinder surface of the base of the occipital arches. 

DEFINITIVE CHONDROCRANIUM 
This is achieved by stage 48a and from the Gaupp-Ziegler model 
(Fig. 21) it is seen to be a well-chondrified structure not unlike that 
of the hedgehog. 


Os carunculae 



Fig. 21. Gaupj>-Zicglcr reconsiruciion of the dcflniti\c chondocranium 
of Tachjshssus aciifeatus, stage 48a. After Gaupp (1908). 

The occipital arches arc connected one to the other by the tectum 
postcrius and the foramen magnum is thus formed. The auditory 
capsules arc anchored to the basal plate by a basi-vcstibular com- 
missure. Each capsule consists of a canalicular portion (dorso- 
poslcro-Iatcral) and a cochlear portion (vcnlro-antcro-medial). Of 
the auditor}' ossicles of the middle car Doran (1878) WTOtc, “I hardly 
need remind the anatomist that, as far as the ossicles arc concerned, 
the Monoiremala s\car a perfectly mammalian uniform, hasing 
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malleus, incus, and stapes.” The development of those ossicles as 
seen in the chondrocranium at this stage is identical with that in the 
chondrocraniums of metatherians and eutherians, that is Meckel’s 
cartilage exhibits three cartilages plastered onto the caudal surface of 
each ramus, and close by is a small three-cornered ossification the 
angular (=tyrapanic) lying medially to the hind end of the ramus. 
Two of those cartilages and the bone are repeating an episode in that 
marvellous transformation of the aniagen of three bones that once 
occurred in the lower jaw of therapsid reptiles: the quadrate, the 
articular, and the angular into the incus, malleus, and tympanic 
respectively. The other cartilage forms (he stapes the base of ^vhich 
will be attached to a membrane filling in the fenestra ovalis. The 
stapes takes the form of an imperforate columella identical with that 
found in many metatherians and in the eutherian Manis javanica 
(Doran, 1878). 

The incus at this stage is in cartilaginous contact with the crista 
parotica which is a foi^vardly projecting process on the pars coch- 
learis of the capsule. Later in development in Tachyglossus it is 
ossified but it is smoothed out and incorporated into the general 
contours of the adult periotic bone. However, in the chondrocranium 
thelaterohyal cartilage of the visceral arch skeleton becomes attached 
to the crista parotica to form the hyoid arch of the adult larynx 
(Gdppert, 1901). In addition to the hyoid there are three pairs of 
branchial arches. 

The orbital cartilage is attached to the central stem of the chondro- 
cranium by a preoptic connection of cartilage and by the pila 
antotica. In front the orbital cartilage b attached to the roof of the 
nasal capsule by the sphenethmoid commissure and posteriorly to the 
parietal plate and to the auditory capsule by the orbitoparietal 
commissure. 

The processus alaris now takes the form of a well-developed 
projection, the ala temporalis, directed outwards and upwards from 
the fused trabecular plate. 

The nasal capsules are well cbondrified with complete roofs and 
sides and are furnished with maxilloturbinal and ethmoturbinal 
cartilages. The nasal septum formed at an earlier stage by a medial 
dorso-ventra! gro\\th of the trabecular plate, forms the interna! 
walls of the capsules. At its posterior margin the septum is continuous 
with a horizontally placed plate of cartilage, the lamina infracribrosa, 
which forms a large part of the anterior wall of the brain case. 
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In the chondrocranium of Ornithorhynchus the eye cup is seen to 
be surrounded by a delicate but well-defined sclera of young cartilage 
(de Beer and Fell, 1936), but it has not been described in the chon- 
drocranium of TacJiyglossits, nevertheless it is probably present at 
this stage since the sclerotic cartilage is present in the eyes of adult 
echidnas (O’Day, 1938). 

A number of dermal bones are found investing the definitive 
chondrocranium. These are as follow: 

The premaxillae are fused in the mid-line and at this junction is a 
dorsally situated knob of bone formed from the fusion of two os 
carunculae. The egg-laying Amniota possess either an egg tooth or a 
caruncle but the monotremes with their flair for the bizarre have 
both. The egg tooth is present at birth which is at stage 46 in Tachy- 
glossits but it has disappeared from the chondrocranium by stage 
48a. 

The maxillae have ascending portions that cover the lower parts 
of the paries nasi, palatine processes that project inwards, but which 
at this stage fail to meet on the mid-line, and zyogmatic processes 
that extend backwards to similarly named processes of the squa- 
mosals. The latter are small pieces of bone lying against the auditory 
capsules. The paired nasals are attached to the roof of the nasal 
capsules, and rudimentary frontals and parietals are present. 

Meckel’s cartilage itself is covered on its ventro-Iateral surface by 
the dentar>'. The triradiate tympanic, which is situated medially to 
the hind end of that cartilage, wU support the embryonic tympanic 
membrane at a later stage of development. 


Reptilian and mammaUan characters of the 
chondrocranium 

From time to time in this and succeeding chapters various struc- 
tures in monotremes will be compared with those in living Sauropsida 
and it will be pointed out that some of those structures in the two 
groups arc identical or similar; this docs not imply that they arc 
homologous, it only emphasizes the fact that we cannot compare the 
soft parts of monotremes with those of thcrapsid reptiles since the 
latter arc extinct. 

As Gaupp (190S) pointed out the early chondrocranium of 
Tachyglossus is very like those of reptiles since it has recognizable 
separate trabeculae \\hilc in other mammals the dual origin of the 
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trabecular plate is obscured by the early appearance of the central 
stem of that plate. 

The pila antotica is present in reptiles and the Prototheria but fails 
to appear in the chondrocraniums of Metatheria and Eutheria. In 
the reptiles and birds it gK'CS rise to the lalerosphenoid (= pleuro- 
sphenoid) bone (Gregory and Noble, 1924; de Beer, 1926; Goodrich, 
1958), but in Tachyglossus ossifications of the pilae antoticae are 
incorporated into two straps of bone along the sides of the sella 
turcica in the basisphenoid complex of bones. 

The sclerotic cartilages around the eye cups occur in birds and 
reptiles but as far as is known they occur only in monotremes among 
the mammals. 

Apart from these reptilian structures, the chondrocranium is 
essentially mammalian in all other respects. It exhibits paired occi- 
pital condyles; the nasal capsule is furnished with elhmoturbinals as 
well as maxilloturbinals; the laierohyal cartilages of the visceral 
skeleton are attached to the cristae paroiicae; Meckel’s cartilage is 
replaced by a single bone, the dentary; and the relations of the stapes, 
incus, malleus, and tympanic are identical w-iih those of other mam- 
mals. The fact that the stapes is an imperforate columella is not of 
great significance since this is the case in many Metatheria and in 
Mam's javanica, while it is a perforated stirrup in the Gymnophiona 
and in the Geckonidae. 

By far the outstanding mammalian character of the tachyglossid 
skull is the modification of the cavum epiptericum. In the reptile 
chondrocranium, between the side wall on the inside and the 
palatoquadrate with its processus ascendens on the outside, is 
enclosed a space partially floored by the basitrabecular and basal 
processes which was called the cavum epiptericum by Gaupp (1900). 
The cavum has anterior, lateral, and posterior openings, and through 
it pass the internal jugular vein, the orbital and facial arteries, and 
the profundus, trigeminal, and facial nerves. 

In the mammal (including monotreme) chondrocranium, wth the 
expansion of the brain, the original side wall posterior to the orbit 
ceases to chondrify and is reduced to the condition of a membrane 
through which the nerves pass into the cavum epiptericum. This latter 
is now included in the cranial cavity because a new lateral wall has 
evolved. In the chondrocranium this side wall is represented by the 
ala temporalis and a sphenoparietal membrane which later becomes 
ossified (see p. 65). 
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ADULT SKULL 

The bones of the skulls of adult Tachyglosstis and Zaglossus 
(Gervais, 1878) are thin and strongly ossified so much so that they 
tend to fuse together and the sutures between them to disappear. 
The enormous brain case is limited to the occipital and parietal 
region, and the anterior part of the skull is projected into a long 
snout, with a pronounced aquiline curve in Zaglossus, flat to slightly 
retrousse in Tachyglossus, with the nares at the distal end. 

There are two occipital condyles formed from the exoccipitals and 
the floor of the brain case is formed by the basioccipital and a 
sphenoid complex consisting of a fused basisphenoid, presphenoid 
(van Bemmelen, 1901), and of the paired ridge-like ossifications of 
the pilae antoticae; presumably the latter are the homologues of 
laterosphenoids. 

Anterior to the brain case the floor of the skull is formed from the 
vomer, the hind end of which overlays the lamina terminalis pre- 
sphenoidei, The anterior part of the floor of the brain case is formed 
by the mesethmoid which is an ossification of the anterior wall of the 
brain case including the median nasal septum and by the posterior 
walls of the nasal capsules and the lamina infracribrosa which is 
now attached at its upper and anterior margin to the cribriform 
plate. This is pierced by a large number of pores and it extends 
forward from the top of the transverse mesethmoid so that it has a 
horizontal disposition ; branches of the olfactory nerves pass through 
the pores from the nasal epithelium to the fore-brain. The olfactory 
organs are very large and well developed: from the cribriform plate 
depend seven vertical endoturbinals and a large number of ecto- 
tvjTVmals which axe coiicctivciy known as the cthmofuibinals, and in 
addition there are sets of nasoturbinals and maxilloturbinnls. 

The elongated upper jaw js made up of two bones on each side: 
the prcmaxillac and the maxillae. Tlic former arc incurved at their 
distal ends, meeting to form a lacuna through which the external 
nares communicate with the exterior. There arc no teeth on the jaws 
and anlagcn of teeth never appear during ontogeny. 

The roof of the mouth is a very long false palate formed by flat 
extensions of the maxillae and palatine bones meeting in the mid-line 
\cntral to the true roof of the mouth. This arrangement forms the 
nasal passage. At the rear end of the palate arc the infernal choanae 
situated beneath the posterior margins of the palatines which arc 
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without thickened rims — a condition very like that in the palate of 
the marsupial anteater, ^fyrn^ecobius fasciatus. Palatal vacuities do 
not occur in AlyrmecobUis nor in tachyglossids. Abutting on to the 
rear ends of the palatines are the large “echidna pterygoids” on either 
side Slid dorsal to these are the “maromaJian pterygoids”. This 
distinction between two types of pterygoids arose from Gaupp’s 
(1908) discovery of a separate bone in Tachyglossiis ventral to that 
usually called the pterygoid. He concluded that it is homologous with 
the reptillian pterygoid, but as Goodrich (1958) points out, the 
pterygoid bone in many mammals may be formed of two elements 
separate during development, one a dorsal element of dermal bone 
and a ventral one the “pterygoid cartilage”. However, from its histo- 
logical characters it appears that the latter gives rise to dermal bone 
and Goodrich concluded, therefore, that there are probably two 
dermal elements related to the basitrabecular region in all mammals: 
the dorsal mammalian pteiygoid and the ventral echidna pterygoid 
which persists as a separate bone only in the adult echidna. 

No one has pointed out any reason for the retention of these large 
ventral pterygoids but it seems likely that they have developed in 
connection with the echidna’s peculiar method of trituration of its 
food. This is achieved, as we have seen, by the grinding action of a set 
of keratrnoas spines mounted on the dorsal surface on an eminence 
situated at the posterior end of the tongue. This keratinized knob is as 
wide as the bridge of bone formed by the combined pterygoids and 
palatines and it fits very well the contours of that slightly dished 
palatal region. Insects passed to the back of the buccal cavity by the 
prehensile tongue are crushed and homogenized between the kera- 
tinous spines and the series of spiny ridges on the epithelium which 
is applied directly to the pterygoids and palatines. 

There are no jugals and since echidnas do not have the big muscles 
associated with chewing, the malar arch is reduced to a thin bar 
formed from a backwardly projecting process of the maxilla which 
joins the anterior zygomatic process of the squamosal. The lower jaw 
consists of a dentary bone also reduced to a splinter, but at the 
ventro-posteriot end of each ramus is a vestige of an angle (the 
“echidna angle’’ of Patterson 1956; see p. 223), and on the postero- 
dorsal aspect is an indication of a coronoid process (Fig. 91). The 
condyles are elevated relative to the coronoid processes and articulate 
with small depressions in the squamosals. 

The roof of the skull is formed by the supraoccipital, paired 
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parictals, frontals, and nasals. The remainder of the sides of the 
brain case is formed by the squamosals, orbitosphenoids, ali- 
sphenoids (van Bemmelen, 1901), and the periotic bones. 

The alisphenoids of mammals are not to be confused with the 
reptilian alisphenoid which is an old name for the ossification of the 



Fjo. 22. Ventral view of portion ofskuH of a young Tach}'glossus acuteaiiu 
muUlacuIeatus, weight 400 g., length 20*5 cm. The sphenopaneul fissure 
is filled w ith a membrane only, x 5 • 8. 


pila anlotica which we have seen gives rise to the latcrosphcnoid or 
plcurosphcnotd. Tlie mammalian alisphenoid is an ossification of a 
distinctly different cartilage of the chondrocranium— the ala tem- 
poralis.Tltc ossification of that cartilage, and its ascending process, 
in most reptiles incIudingTherapsidaOost in Crocodilia and Ophidia) 
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gives rise to the epipterygoid, and in Goodrich's (1958) opinion there 
is little doubt that Broom’s (1914) contention that the mammalian 
alisphenold is derived from the epipterygoid of lower tetrapods is 
correct. However, in spite of the fact that an ala temporalis is present 
in the chondrocranium of the echidna (p. 58), Watson (1916) held 



Fig. 23 Ventral view of portion of skull of Tachyglossus a. aculeatus, 
weight 3000 g., showing an invanon of bone from the ala temporalis 
region into the membrane of the sphenoparietal fissure. 


that alispbenoids are not present in echidnas since he believed that 
the large gap in the brain case of the young echidna, the spheno- 
parietal fissure, is filled by the gradual grotvth forward of an ossifica- 
tion which is always continuous with the anterior ossification of the 
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Otic capsule and that only very late in life is there any connection of 
this ossification with the ala temporalis. However, Watson must have 
had immature material to work on, since in a properly prepared skull 
at the right stage, it can be seen that the sphenoparietal fissure is 
filled in by a membrane (Fig. 22) into which, later, there is an in- 
vasion of bone from the ala temporalis region of the skull (Fig. 23), 



r lo. 24. Ventral > icw of portion of adult skull of Tochyghisus a. aculeatta. 
Height 5500 g. >2-9. 


i.c. the sphcnop.irictal fissure is being filled by a true alisphenoid. In 
older skulls it can be seen that the fissure is filled by bone (Pig. 24). 
somewhat as van ncmmelcn (1901) drew it in his text figure 4B. TTtts 
he called the alisphenoid and ! am in agreement with his interpreta- 
tion but I cannot detect the suturesas he draws them; the whole mass 
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of bone in this region is fused toother. It might be pointed out that 
this description of the alisphcnoid development agrees well with 
Watson's own remarks about the human alisphenoid to the effect 
that it is “A good example of a bone which is undoubtedly one 



Fig. 25. Tachyglotsus aculeafus ventral view of ear ossicles in situ. A.t.c.f. 
Apertura tympanica canalis facialis (Canalis Fallopii). x7*2. 


morphological entity arising partly as an ossification replacing a 
cartilage and partly as an extention of ossifications from the cartilage 
in membrane.” 


Pcrioiic bone of the adult skull, bony labyrinth, membranous 
labyrinth, and ear ossicles 

The auditory capsule is invested with a single bone, as is the rule m 
mammals, called the periotic which probably represents the fusion 
oftworcptillian bones, the prooticand the opisthotic. At its postero- 
lateral aspect the periotic bears a large mastoid process, the pars 
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mastoidea which abuts onto the orbitosphenoid, the parietal, the 
supraoccipital, and onto the external occipital. The ventro-medial 
portion of the periotic is the pars pelrosum. The periotic houses the 
acoustic and vestibular organs which have been described by 
Alexander (1904), and Simpson (1938) has described in detail the 
structures of the bones surrounding and enclosing those organs. The 
external ear tubes are like two great flexible ear trumpets leading from 
the exterior downwards to the tympanic membranes lodged behind 
the glenoid depressions. These trumpets are stiffened by two longi- 
tudinal strips of cartilage from which arise a series of transverse 


Macula utnculi 



Fig. 26. Membranous labjTinth of a young aciileaiia, stage 

51, After Alexander (1904). 

rib-like cartilages. The tjTnpanic cavity lying dorsal to the membrane 
is a large, domed cavern, the entrance to which is surrounded by the 
tympanic bone; this has achieved a horse-shoe shape but it still shows 
a vestige of the triradiatc shape it bore in the chondrocrantum and it 
now supports the tympanic membrane blocking off the entrance to the 
cavern (Fig. 25). At the posterior end of the tympanic cavity is a 
hole surrounded by a membrane supporting the base of the stapes, 
this is the fenestra veslibuli (— f. ovalis) which leads into another 
cavity, the \cstibulc, and this in turn communicates with the bony 
labyrinth. The bony labyrinth is simply the osseous casilics which 
house the semicircular canals or membranous labyrinth and w hich is 
lined with endosteum and, together with the scslibulc, is filled with 
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perilymph. Thus the perilymph bathes the outside of the mem- 
branous labyrinth and it also fills the scala vestibuli and scab tympam 
of the cochlea. In passing it may be mentioned that the semicircular 
canals have the smooth rounded outlines of mammalian canals and 
exhibit no sign of the angularity of the reptilian labyrinth (Gray, 

1908). , u • 

The cochlear aqueduct, a channel in the osseous labynnth, 
extends from the scala tympam to the subarachnoid space (Denker, 

An endolymphatic sac situated at the endocrania! surface of the 
periotic communicates by means of a ductus endolymphaticus, which 
passes through a bony canal the aqueductus vestibuli, with the 
saccule and utricle of the membranous labyrinth. Thus endolymph 
passing through the ductus endolymphaticus from the sac fills the 
semicircular canals and also, via a duct of fine calibre the ductus 
reuniens, fills the scab media (ductus cochlearis) of the cochlea- 
These structures are to be seen in Fig. 26 which is a copy of AleX' 
anderis drawing of the membranous labyrinth in a stage 51 pouch 
young. . 

The cochlea and its surrounding bony fossa cochleae is curved ana 
exhibits a spiral three-quarter turn, a condition lying between that of 
a straight cochlea in reptiles and the mesozoic mammal Triconodon 
(Simpson, 1928), and that of the many complete spirals of eutherian 
cochleae. The scab media is an outgrowlh of the membranous 
labyrinth passing down the centre of the cochlea; it is somewhat 
triangular in section (Fig. 27) and forming one side of the duct and 
separating its cavity from that of the scab vestibuli is a delicate 
vestibular membrane (membrane of Reissner). The roof of the 
triangular duct is the stria vasculosa which presumably has the 
trophic function that it has in other mammals. Its electrical properties 
•will be discussed on p. 112. Forming the third side of the duct 
and separating its cavity from that of the scala tympani is the 
robust basilar membrane. L^ng on the inner side of the basilar 
membrane and running its entire length is the organ of Corti. As 
already mentioned, the scala vestibuli and scala tympani are filled 
with perilymph ; this is retained in the scab tympani by a membrane 
in another window at the base of the cochlea — the fenestra rotunda 
which looks through into the cavum tympanum as does the fenestra 
vestibuli. At the distal end of the cochlea just before its termmation 
is a construction, the isthmus bgenae and at this point the scab 
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Tectorial membrane 



no. 27. (a) TransNcrsc section through the cochlea of a >oung Tachghssuj 
ocuteatus. BM, basilar membrane; CS, crista spiralis; ESU external spira 
hgament; GB. ganglion basilarc; OC, organ of Corti; SM. sola medu, 
SV, scab N-estibuIi; StV, stria s-ascularis; scab i>-mpani: TM, t^on^ 
tttembrane; VM, sestibubr membrane, (b) Transxrsc section inroug 
organ of Corti. BM, basibr membrane; SSPE, sulcus spiralis estemus; 

SSPI, sulcus spiralis intemus. After Alexander (19041. 
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vestibuli and scala tympani communiostc with one another through a 
small hole, the helicotrema. The scala vestibuli, however, extends a 
little further and ends blindly near the tip of the cochlea. At this tip 
is found an interesting structure the lagena (Fig. 26) which appears to 
be identical with that in the cochlea of reptiles and birds (see Pum- 
phrey, 1961). In Tachyglossus it takes the form of an ovoid macula 
situated at the end of the scala media and consists of a proximal 
layer of nerve fibres (Alexander’s neuro-epithelium), and a distal one 
of tall epithelial cells provided with hairs which project into a layer 
of gelatinous substance that lines the internal surface of the macula. 
The jelly contains minute bodies, the otoconia or otoliths. Among the 
mammals only the Prototheria exhibit this lagenar macula in the 
cochlea. 

The tympanic cavity is the air-containing space which lies between 
the tympanic membrane and the fenestra vestibuli (oval window) and 
which houses the three auditory ossicles. The first of these, the mal- 
leus, has a long manubrium which is attached to the inner surface of 
the tympanic membrane. The head of the hammer is connected to the 
incus by a tiny articulation and the incus in turn is articulated to 
the top of the columelliform stapes whose base is clamped to the 
membrane of the oval window (Rg. 25). 

As Doran (1878) and Gregory (1947) recognized, the malleus, 
incus, and stapes of the monotremes are very like those of P/ias- 
colomys (wombat) and Phascolarctos (koala). 


Laryngeal skeleton 

This skeleton surrounds and supports the larynx situated between 
the pharynx and the top end of the trachea; it is made up of ossified 
and cartilaginous elements the essential morphology of which has 
suffered little change since the stage 48a development of the hyo- 
branchial skeleton. 

The body of the hyoid portion is a transverse ossified piece called 
the basihyal copula to which arc attached anteriorly the two hypo- 
hyal, and laterally, the first two ceratobranchial ossicles. At the 
posterior end of the basihyal copula is a crescent-shaped cartilaginous 
thyroid copula which bears two pairs of ossicles, the 2nd and 3rd 
ceratobranchials, and posterior to these is a large cricoid cartilage, 
but there is no evidence from its ontogeny in Tachyglossus that it is a 
derivative of a 4th branchial arch. 
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The basal parts only of the hyoid arch, i.e. the hypohyals, are 
ossified and the distal cartilaginous portions known as the laterohyals 
are fused to the auditory capsules at the cristae paroticae. 

The monotreme laryngeal skeleton is primitive in that there are 
two pairs of ceratobranchials attached to the thyroid whereas in the 
Eutheria there is only one pair formed by the fusion of those two 
pairs of ceratobranchials, but in the Metatheria the dual nature of 
the thyroid ceratobranchials is witnessed by the foramen on either 
side (Goodrich, 1958). 

APPENDICULAR SKELETON 

This exhibits that curious mosaic of frankly reptile and mammal 
characteristics found in the chondrocranium. The pectoral girdle is 
that of a reptile and the pelvis would be at home in a marsupial. The 
vertebral formula varies with the author but Gregory (1947) after 
careful appraisal concludes that there are 7 cervical, 15 dorsal, 
3 lumbar, 2 sacral, and 2 sacrococcygeal vertebrae; a formula well 
within the limits of tolerance for marsupials and theriodonts. 


Pectoral girdle 

In Tachyghssus this consists of 2 scapulas, 2 coracoids, 2 clavicles, 
2 procoracoids (cpicoracoids) and a median interclavicle (Fig. 28(a)); 
the dorsal scapula, and ventral coracoid and procoracoid form a unit 
on one side, tied to the rib cage dorsally by the scapula, and tied to 
the sternum vcntrally by the united coracoid and procoracoid. The 
glenoid cavity is a wedge-shaped excavation at the union of scapula 
and coracoid. The paired clavicles ore laid along the cross-member of 
the T-shaped intcrclaviclc; this in turn is united posteriorly to the 
sternum while the cross of the T is clamped anteriorly to the scapulas. 
This triple binding of all elements of the girdle, together with the 
robust, generous proportions of the component bones, pros ides a 
tremendously strong suspensorium for the stout forclimbs, and it 
accounts for the echidna’s powers of digging and limpet-like attach- 
ment to \arious objects and surfaces. The pectoral girdle of Orni- 
thorhynciws conforms to this description but that in ZaeloKsu^ 
almost passes belief; as an extra precaution that nothing ssilJ come 
apart the cpicoracoids overlap (Gers-aU, 1878), the right oscrlying the 
left, and since their union is somcuhal asymmetrical thcintcrclasiclc 
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is displaced a little to the right of the mid-line (Fig. 28 (b)). On the 
whole the monotreme pectoral girdle is very like that in the 
dicynodont reptile, Kanuemyeria (^eaison, 1924). 

The humerus in both genera of tachyglossids is a short and strong 
bone expanded at both extremities and twisted half round on itself. 
The proximal end exhibits a convex border, the middle part of which 
forms the articular surface which so fits into the glenoid cavity that it 
has a horizontal disposition and because of the torsion of the bone 
the distal end is vertical. The distal articular surface is convex for the 
articulation of the concave articular surfaces of the radius and ulna. 
These two bones are in contact and firmly connected together 



Fio. 28. (a) Pectoral girdle of Tochygtossus acuJealus. Afier Gregory 
(1947). (b) Pectoral girdle of Zaglossus bruijni. After Gervais (1878). 


throughout their length. The distal articular surfaces are both 
expanded and broad for articulation with the large manus. In 
Tachyglossiis all five digits are well developed and bear claws; in 
Zagtossus bmijn'i bntijni digits i and 5 are much reduced and bear no 
claws while digits 2, 3, and 4 are armed with claws (Gervais, 1878), 
but Zaglossus bartoni barfoni has claws on all five digits. 


Pelvic girdle 

This consists of the usual three elements, the dorsal trihedral 
ilium, the vcnlro-posterior ischium and the vcniro-anterior pubis. 
The symphysis of these three bones is incomplete and a foramen is 
present for the reception of the trochanter of the femur rather than a 
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depression at the union of the three pelvic bones as happens in other 
mammals. The pubis and ischium are widely separated by an obtur- 
ator foramen, and both bones contribute equally to the symphysis 
which unites the pelvis ventrally. The anterior margin of each pubis 
bears an epipubic or marsupial bone which projects forwards. The 
base of each epipubic bone extends along the whole anterior face of 
each pubis where it is movably articulated as it is in the marsupials; 
in fact the epibubic bones in tachyglossids are essentially like those 
of wombats and koalas. 

The anterior extremities of the ilia extend forwards and dorsally 
to unite closely with the two sacral vertebrae. 

The femur is short, broad, and flattened, and is inserted horizon- 
tally and widely everted so that the knee is above the level of the 
acetabulum. The insertion of the fibula and tibia is such that the 
conventional lateral position of the fibula is twisted through an arc 
of 90® so that the fibula faces backwards and the pes is at right-angles 
to the body, and since the claws arc strongly curved they actually face 
backwards instead of for\vards. In the tarsus a supernumerary bone 
is articulated to the posterior part of the astragalus and it supports the 
spur. 

The five digits of the pes bear claws in all the tachyglossids with 
the exception of Zaghssus bntijm which bears claws on digits 2, 3, 
and 4 only. 



CHAPTER 4 


THE CENTRAL NERVOUS SYSTEM 

ANATOMY OF THE BRAIN 
The brains of vertebrates are built on a tripartite plan and are 
divisible into fore-, mid-, and hind-brains. These primary divisions 
consist of various parts as follow: 

The fore-brain or prosencephalon is disided into two parts, the 
telencephalon and the dieocephalon or between-brain. The mid- 
brain or mesencephalon has no subdivisions and the hind-brain or 
rhombencephalon consists of the meteneephalon and the myelence- 
pbaloD. 

The dieocephalon, mesencephalon, meteneephalon, and rayel- 
encephalon constitute an entity known as the brain stem which 
conforms to the segmental organization of the spinal cord and from 
which emerge the cranial nerves, numbers lU to XII. 

Ziehen (1897, 1908) published a detailed study of the whole 
central nervous system of Tachyglossus, and Abbie (1934) made a 
complete restatement of the microscopical anatomy of the brain 
stem; I have drawn heavily on these works in the following descrip- 
tion of the brain. 

The brain of echidna compared to that of reptiles and birds 
exhibits many structures that proclaim it to be essentially mammalian. 
The cerebellum in the meteneephalon is much enlarged and is 
divisible into a number of lobes whose surfaces are thrown into folds 
which results in an increase in the quantity of superficial grey matter 
or cortex. A band of nerve fibres joins the two sides of the cerebellum 
one to another, passing ventral to the rest of the mesencephalon; 
this is the pons Varolii (Fig. 29). It is characteristic of mammals and 
is developed in connection with the hypertrophy of the neopallium 
in mammals as compared with that in reptiles- It is a peculiarity of 
the Prototheria that the pons lies wholly posterior to the insertion of 
the Vth or trigeminal nerve which in both Ornithorhynchus and 
Tachyglossus is enormous and ribbon-like in shape (Fig. 30). 

76 
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The roof of the mesencephalon is distinctly mammalian also, 
since it bears four prominences, the corpora quadrigemina or 
superior and inferior colliculi (Fig. 3!) instead of the two optic lobes 
of lower vertebrates. The floor of the mesencephalon contains two 
main bundles of fibres which pass up and down from the brain and 
spinal cord; these run in the ventral portion of the rhombencephalon 
dorsal to the pons Varolii and diverge right and left in the region of 
the infundibulum forming the crura cerebri or cerebral peduncles 
(Fig. 30). The floor of the infundibulum posterior to the attachment 
of the hypophysis exhibits an unpaired mamillary body. 



Fig. 29. Taehyghssus; median longitudinal section through the brain stem 
and cerebellum. After Abbic (19J4). (Reproduced by permission of the 
Royal Society.) 

At the anterior end of the telencephalon the olfactory bulbs arc 
attached by short peduncles to the anterior poles of the p>Tiform 
cortex. Each bulb is a large flattened mass partly overlapped by the 
anterior poles of the hemispheres; inside the cranium the bulbs 
project forward and rest their ventral surfaces on the horizontal 
cribriform plate through the numerous openings of which the 
olfactor)’ nerve fibres pass to the ventral surfaces of the bulbs. 

The outstanding character of the telencephalon and indeed of the 
whole brain is the enormous size of the cerebral hemispheres which 
is largely due to the hypertrophy of the gjTcnccphalic ncocortcx. The 
pattern of sulci has not been homologi/cd satisfactorily with those 
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of higher mammals, apparently for the reason (Smith, 1902) that the 
brain exhibits a fronto-caudal compression and as a consequence of 
this the sulci on the outer convexity of the hemisphere run more or 
less transversely and continue over the dorsal angle on to the medial 
surface. In passing it may be noted that the brains of Ornithorhyitchus 
and of the opossum Didelphys are Hssencephalic, i.e. the neocortex 
is smooth and exhibits no gyri. 



Eiiie>n9i arcuau 


Fig. 30. Tachyglossus; ventral view of brain stem. After Abbie (1934). 
(Reproduced by permission of the Royal Society.) 


The brains of echidnas, like those of most marsupials, lack the 
connecting commissure of the neocortex — the corpus callosum — but 
the dorsal commissure which links together the hippocampuses in 
reptiles is retained in the mammals, including Tachyglossus, as the 
hippocampal commissure. 


Spinal cord and medulla oblongata 

The spinal cord in mammals, unlike that in birds and reptiles, 
seldom extends through the entire length of the vertebral canal, the 
caudal part of the canal being occupied by the filum terminate. The 
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surface of which is very broad, and from here cranial nerves V-XII 
emerge. The eminence formed by the gracile and cuneate nuclei is 
seen as a large swelling at the anterior end of the dorsal funiculus of 
the cord (Fig. 32). 

The medulla oblongata contains the fibre tracts connecting the 
higher parts of the brain with the spinal cord and the primary sensory 
and motor nuclei of eight of the cranial nerves as well as the co- 
ordination centres between these sensory and motor nuclei. The 
most important co-ordination centres are the inferior olive and 
the lateral reticular nuclei; the olive receives numerous fibres from 



Fjg. 32, Tachyglossus- lateral aspect of the brain stem and cerebellum, 
Aftcr Abbie (1934). (Reproduced by permission of the Royal Society.) 


the gracile and cuneate nuclei and some from the descending root 
of the vestibular nerve. 

From the olive, the gracile, and the cuneate, nuclei secondary 
fibres pass out to the arcuate fibre system; fibres also pass directly 
from the descending root of the vestibular portion of the Vlllth 
nerve to the arcuate system. This consists of external and internal sets 
of fibres; the external forming a continuous transverse layer over the 
ventral surface of the medulla oblongata and in places gathering into 
definite fibre bundles (Fig. 30). The external arcuate fibres also receive 
a contribution from the descending root of the trigeminal nerve and 
from the tractus temporo-trigeminalis (see p. 81). A special nucleus. 
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the nucleus arcuatus trigemini, is the intermediary for the interrela- 
tion of these cerebral trigeminal, and vestibular impulses, the 
secondary fibres passing from the nucleus to the external arcuate 
system. A series of arcuate nuclei lying among the arcuate fibres also 
assist in this function. 

The internal arcuate fibres can be divided into dorsal and ventral 
sets. The dorsal are derivatives of the descending vestibular root 
and pass to the longitudinal fasciculi. Here many of the fibres 
terminate but some pass beyond and reach the nucleus arcuatus 
trigemini of the opposite side. The ventral internal arcuate fibres, 
like the external, also arise from the gracile and cuneate nuclei and 
from the descending vestibular root. 

In general the function of the whole arcuate system is to transmit 
cerebral, trigeminal, and vestibular impulses to the corpus restiforme 
of each side and thus to the cerebellum. The corpus restiforme arises 
around a core of dorsal spino-cerebellar fibres. This body of fibres is 
enlarged by contributions of external and internal arcuate fibres, and 
of dorsal external arcuate fibres from the gracile and cuneate nuclei 
of the same side. It also receives fibres from the gracile and cuneate 
nuclei of both sides, the inferior olive, the arcuate nuclei, the nucleus 
arcuatus trigemini, the spinal fifth root, the tractus temporo-trige- 
minalis, the descending vestibular root, and probably from the 
nucleus reticularis lateralis. 


thecranialnerves and the motor functions 

OF THE BRAIN 

There are 12 pairs of cranial ner\cs in Tachyghssiis (classified by 
Roman numerals). The olfaclor>' ner\-c (I) arises from sensor)’ cells 
of the olfactory epithelium as fibres which unite to form many small 
ner\es which enter the olfactory bulbs through the cribriform plate. 

Thc optic ncr\'c (II) is really portion of the brain since the retina 
is derived from an evagination of the dienccphalon. The fibres of the 
optic nen.c arise from a ganglionic layer on the surface of the retina. 

The oculomotor (III), the trochlear (IV) and the abducent (VI) 
are true ncr\es in the sense that they arise from neurons in portions 
of the brain that conform to a segmental arrangement. 

The trigeminal (V). Vllih, IXlh, and X -f Xlth ner\cs are also 
scgmenlally arranged and arc sometimes rererred to as branchial 
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nerves since during ontogeny they arc related with embryonic 
visceral clefts or with structures connected with these. 

The auditory (VIII) is a special somatic sensory nerve; it has 
vestibular and acoustic (cochlear) divisions. 

The Xllth nerve (hypoglossal) is an entity but it is derived from a 
number of roots of spinal origin. 


The motor nerves of the brain 

The hypoglossal nerve arises dorsally in the myelencephalon from 
a nucleus which is broad and flattened dorso-ventrally as it is in the 
marsupial Didelphys. Its constituent cells are very large and are of 
the motor type; the axons of these motor cells innervate the hypo- 
glossal muscles which are concerned with the movements of the 
tongue (p. 35) — a motor function of paramount importance to 
Taehyzlossus and, significantly, the hypoglossal nucleus ts under 
cortical influence via the pyramidal fibres. 

Vte glossopharyngeal (IX), vagus (X), and accessory (AT) nerves. 
The motor nuclei of these nerves form a group— the nucleus ambi- 
guus. The vagal part consists of a column of cells on each side of the 
medulla oblongata at its caudal end but posteriorly the columns 
approach one another and are continuous in the commissural 
nucleus of Cajal, The anterior portions of the columns were called 
the nuclei glossopharyogei by Kolliker (1901) but Abbie feels that 
they are part of the vagal columns. The motor component of the 
IXth nerve serves musculature derived from the third (hyoid) arch 
and the parotid salivary gland. The vagus nucleus gives rise to fibres 
that innervate the larynx, and to preganglionic fibres of the para- 
sympathetic nervous system. As far as I know nothing has been 
published on the autonomic system of the Prototheria. 

The accessory nerve, assoa’ated cfosely with the vagus is composed 
primarily of motor fibres distributed to the muscles of the pharynx. 

The facialis (VII) nerve. Abbie finds, contrary to other workers, 
that the facialis nucleus is an entity and is not divided into dorsal 
and ventral parts as is the case in reptiles; in echidnas it is V-shaped 
so that in section in some planes it could give the appearance of 
division into dorsal and ventral nuclei. Although it is a siogleentity 
as in other mammals it does not have the ventral position of the 
facial nucleus found in most marsupial and eutherian brains, but 
it lies dorsal to the superior olive. In Didelphys it occupies an 
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intermediate position, i.e. on a level with, and posterior to, the 
superior olive. 

The Vllth nucleus is very large, a fact that has been correlated 
by Huber (1930) with the development of the superficial fascialis 
musculature. The beginnings of this can be seen in reptiles and birds 
where a sphincter colli, associated with a deep facialis muscle, the 
m. depressor mandibulae, is restricted to the neck region; the face, 
therefore, is a "rigid mask devoid of expression”. Schulman (1906) 
and Huber have described the superficial facialis musculature in 


Platysma 



Fia, 33. Dissection of facialis musculature of Tachyglossus. After 
Huber (J930A 


TachyglossxtSy Onuthorhynchusand othcrmammals. Here the muscula- 
ture is no longer restricted to the neck region and it has expanded into 
the face and become difrcrentialed into muscle groups around the 
car, eye, and the snout (Fig. 33). In Tachyglossus one layer has 
developed caudally as well as rostrally; this is the platysma muscle, 
which has expanded over the anterior part of the back; a major part 
of this platysma also extends forwards and downwards onto the 
forclimb; this limb musculature as well as the superficial fascialis 
musculature, sensa stricto, arc all under the motor influence of the 
Vllth ncrs'c. Huber points out that although the sphincter colli in the 
monotremes is well dcs eloped, there is no sphincter colli profundus 




84 


ECHIDNAS 


which is "So characteristic of the marsupio-placentalian ground 
plan.” 

The abducens {VT} and accessory Vlth nerve. The nucleus of the 
Vlth is small and its fibres innervate the external rectus muscle of the 
eye. The nucleus consists of scattered small motor cells and the nerve 
itself is small, a fact that Abbie considers is correlated with the 
putative poor vision of echidnas, but, as he points out, that argument 
does not apply to the large Illrd (oculomotor) nucleus. 

About midway between the Vlth and Vllth nuclei is a small group 
of cells which may be considered to be the accessory Vlth nucleus 
since its position corresponds to that of the accessory Vlth in other 
mammals; its function is unknown in echidnas. 

The trigeminal {Vth) nerve. The motor nucleus lies slightly dorsal 
to the chief sensory nucleus of the Vth at about the antero-Iateral 
border of the pons. It is relatively small and its fibres innervate the 
atrophied masseter and temporal muscles of the jaws. 

Tlte oculomotor (III) and trochlear {IV) nerves. These two nuclei are 
separated completely in echidnas — a relation reminiscent of the 
condition in some reptiles and different from that in other mammals. 
The anatomy and motor functions of these nerves are discussed in 
the section on the mesencephalon. 


The pyramidal tracts 

In eulherian mammals these are important tracts that constitute a 
direct motor connection between the cerebral cortex and the spinal 
cord. That cortico-spinal tracts exist in Tachyglossus is indisputable 
since Abbie (1938), Goldby (1939), and Lende(I964) have shown that 
certain regions of the cerebral cortex (see p. 101) are excitable and 
that various somatic motor responses follow stimulation of those 
attas. TVie identity of the fibre bundles that carry those motor 
impulses is a matter of debate. According to Abbie (1934) the pyra- 
midal tracts are small and situated on the ventral surface of the 
medulla oblongata (Fig. 30): they decussate at the extreme posterior 
end of the bulb so that fibres pass to the opposite side to the Vllth 
and Xllth nuclei and to the ventral horn cells of the 1st cervical 
segment, but they do not descend any lower. According to Abbie 
this short course of the fibres may be interpreted as a primitive 
mammalian character and the fibres may be compared with the 
direct pyramids of other mammals. If all the cortico-spinal fibres did 
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terminate at this level of the spinal cord* it would be difficult to 
reconcile this with the fact that stimulation of the cortex elicits 
movements of the hind limbs and tail region. As a matter of fact 
Goldby (1939) has demonstrated by degeneration experiments that 
cortico-spinal fibres arise in an area of the cortex, near the mid-line 
between sulci a and /5, and pass caudally in the cerebral peduncles. 
At the level of the pons Varolii they decussate and pass caudally in 
the Zonalbiindel of Kolliker (1901) to the dorsal part of the lateral 
column of the cord where they can be traced as far as the 24th spinal 
root. Now KSlliker’s Zonalbiindel is Abbie’s tractus temporo- 
trigeminalis which he describes as arising in the cerebral cortex at 
area 4 of Schuster (1910), and running caudally in the lateral border 
of (he cerebral peduncles; Abbie’s pyramidal tracts, however, are 
stated to arise in area 3 of Schuster and to pass caudally in the medial 
border of the cerebral peduncles. The exact nature of the fibres of the 
tractus temporo'trigcminalis is not apparent from Abbie’s descrip* 
tion; he says “they serve to relate the forebrain with the hindbrain 
and cerebellum but are much more intimately associated with the 
trigeminal apparatus than with the vestibular’*. Kolliker thought it 
was a sensory tract; however, it appears from Goldby’s experiments 
that the fibres are pyramidal. This, then, raises the question of the 
identity of Abbie’s pyramidal tracts; Yamada (1938) (quoted by 
Goldby) says they do not exist but Goldby concedes their existence 
and suggests that they are cortico-bulbar fibres. 

The fact that the cortico-spinal fibres decussate high up in the 
medulla of Tachyghssits is not unique; Fuse (192G) has described a 
decussation of pyramidal fibres just caudal to the pons in bats and 
edentates and there is a tendency for the fibres caudal to the decussa- 
tion to take up a lateral position in the medulla. 


THE SENSORY AND CO-ORDINATION 
SYSTEMS OF THE BRAIN 

The ascending tracts of sensory fibres occupy the posterior columns 
of the spinal cord. Some of the fibres of these tracts form synapses 
in the reticular nuclei in the medulla oblongata which pass the 
impulses to various elTcclojy centres, but many other fibres of the 
ascending tracts pass to centres of co-ordination of a didcrent type. 
These function by discharging the impulses which they have brought 
together not into cficcloiy centres but into higher centres. Two of the 
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most important of these are the gracile and cuneate nuclei which 
receive impulses of two-point discrimination and various pro- 
prioceptive impulses. Such impulses are sent via secondary arcuate 
fibres from these nuclei to the cerebellum. These nuclei are non- 
segmental in character, and one other very important co-ordination 
centre of this nature is the inferior olive. Indications of an inferior 
olivary nucleus can be detected in the medulla oblongata in lower 
vertebrates, but it attains its highest development in homoiotherms 
and is particularly well developed in the mammals. It is concerned 
with carrying proprioceptive impulses by way of spino-olivary and 
olivocerebellar paths. 

The nuclei of five of the cranial nerves, numbers V, VII, VIII, 
IX, and X, are also concerned with the co-ordination of sensory 
impulses in the central nervous system. Visceral sensory fibres enter 
the medulla oblongata by way of the vagal, glossopharyngeal, and 
facial nerves. By analogy with what happens in other higher verte- 
brates it may be concluded that these fibres terminate in the grey 
matter at the level of entrance of the nerves, and that secondary 
fibres from here pass caudally in the fasciculus solitarius; this 
decussates and its constituent fibres terminate in the commissural 
nucleus of Cajal (Rappers, Huber, and Crosby, 1960) which, as has 
been seen, is also the posterior end of the nucleus ambiguus. 


The gracile and cuneate nuclei 

Separate in other mammals, these in echidnas are fused into a 
mass which forms a marked swelling on either side of the dorso- 
lateral surface of the medulla oblongata. As one might expect, the 
ascending fibre tracts in (he posterior funiculi which terminate 
m the nuclear mass constitute a large proportion of the white matter 
® suggestion of J. T. Wilson to the effect 
that this ^cat sensory development may be due to muscle sensibility 
associated with the highly developed control over the panniculus 
carnosus muscle by Tachyghssus. 

From the gracile and cuneate nuclei some secondary axons pass 
'".J* opposite medial lemniscus, a tract of 

nbres 'hat leads to the thalamus. Others form synapses in the inferior 

o'-ooatc, and as 

dorsal external arcuate, fibres to the corpus rcstiforme (p. 8 ). 
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The trigeminal system 

The number of foramina on the skull for the peripheral distribu- 
tion of the trigeminal nerve is fantastic — fourteen in all; the branches 
passing to the snout which has important tactile, pain, and tempera- 
ture sensibilities.^ The Vth is a mixed nerve with four nuclei of origin 
—the chief sensory, the dorsal root nucleus, the mesencephalic in 
the tectum of the mid-brain, and the motor which has already been 
described. The chief sensory nucleus is large and its caudal part is 
the nucleus of the descending root. The secondary fibres from the 
chief sensory nucleus are, for the most part, passed via a massive 
decussation to the opposite medial lemniscus. At this level, therefore, 
the medial lemniscus consists of a large tract of trigeminal and 
gracile-cuneate fibres ascending to the thalamus. The chief sensory 
nucleus also sends fibres to the pons and cerebellum. 

Fibres from the descending root and its nucleus pass to various 
structures in the medulla oblongata — the pons, corpus trapezoideum 
and the external arcuate fibre system. Thus trigeminal impulses 
reach the cerebellum by two paths. The descending root is also 
connected to the nucleus arcuatus trigemini, the superior olive, the 
inferior olive, and the lateral reticular nucleus. 

The mesencephalic nucleus of the Vth nerve is in the superior 
colliculus of the mid-brain roof. It has been postulated that the 
mesencephalic part of this nerve is concerned with conduction of 
proprioceptive impulses from the jaw muscles to this mid-brain 
nucleus and, from here, by connections with the motor nucleus of the 
Vth, a reflex path is set up which makes possible co-ordinated jaw 
movements (Kappers, Huber, and Crosby, I960). 

From this account it is plain that very little of the brain escapes an 
all-pervasive trigeminal aura. 


The Vlllth nerve 

The vestibular division, which accounts for two-thirds of the fibres 
of the whole nerve, enters the medulla oblongata at the posterior 
border of the pons just anterior to the cochlear division; most of the 
'cslibular fibres pass into ascending and descending roots. These and 
their nuclei form a sort of continuous system reaching from the 
anterior limit of the pons to the caudal border of the medulla 
* It may ha»e auditory sensibilities also, see p. 115. 
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oblongata. Throughout their courses the roots give off fibres and are 
thus gradually dissipated. These fibres, leaving the roots, form up 
into two sets of unequal size» the smaller of which comprise the 
dorsal internal arcuate fibres, many of which end in the medial 
longitudinal fasciculi of the spinal cord; a few pass beyond and reach 
the opposite nucleus arcuatus trigemini. The larger group constitutes 
the ventral group of internal arcuate fibres. Some of these pass 
ventrally to the nucleus arcuatus trigemini of the same side, but the 
rest terminate in the opposite inferior olive and thus come to be 
connected wth the opposite internal and external arcuate systems. 
At the level of the entrance of the vestibular nerve a similar 
tripartite decussation takes place; this time the fibres pass to the 
lateral and medial parts of the superior olive and to a rudi- 
mentary corpus trapezoideum. The fibres in these two tripartite 
decussations eventually reach the cerebellum via the corpora 
restifoirnes. 

The incoming cochlear division of the Vlllth bifurcates into 
ascending and descending branches. The fibres of the former end up 
in a small dorsal cochlear nucleus and from here secondary fibres 
pass to the cerebellum and to the auditory decussations. Some fibres 
of the descending branch pass directly to the corpus restiforme and 
cerebellum, others go to the relatively large ventral cochlear nucleus 
and from here secondary fibres make connections to the restiform 
body, cerebellum and auditory decussations. These fibres also 
constitute a tripartite decussation associated with decussating 
vestibular fibres. Fibres from the dorsal and ventral cochlear nuclei 
pass to the opposite side and the majority unite to form a bundle— 
the lateral lemniscus, but a few terminate at some small cells— this 
is the rudimentary corpus trapezoideum from which secondary fibres 
pass to the superior olive. The presence of a corpus trapezoideum 
seems to be associated with the echidna’s near-mammalian cochlea 
since in Mctalheria and Eutheria the spiral cochlea goes hand in 
hand v.ith a conspicuous corpus trapezoideum and the majority of 
cochlear fibres employ this route of decussation. 

The lateral lemniscus, with its complement of auditory fibres, turns 
forward in the pons region and passes to the mesencephalon. On its 
way it comes into contact with the medial lemniscus, the two forming 
a great ascending sensory system. On entering the mesencephalon 
the lateral lemniscus turns dorsalw’ard to send branches to the 
inferior colliculus — the mid-brain auditory centre — and to the medial 
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geniculate nucleus; this is a metathalamic auditory centre — a relay 
to the auditory cortex. 

The medial lemniscus with hs large trigeminal component passes 
forwards and dorsally to give off many fibres to the superior colliculus 
where they end in the stratum griseum intermedium (see p. 91). 
The rest of the lemniscus ends in the ventral nucleus of the 
thalamus. 


THE PONS VAROLII 

This differs from the pons in other mammals in that it lies wholly 
posterior to the trigeminal ner\'e and that there are no fronto- 
pontine tracts. In transverse section it is found to consist of a large 
nuclear mass encapsulated by a thin shell of fibres. Cortico-pontine 
and cortico-arcuate fibres enter from the cerebral peduncles. The 
cortico-pontine fibres end around the pontine cells which give rise 
to secondary fibres passing to the cerebellum in the brachium 
pontis. 


THE CEREBELLUM 

The cerebellum, like the cerebral hemispheres, is a non-segmcntal 
appendage of the brain; it is an outgrowth of the dorsal lip of the 
fourth ventricle in the mctcnccphalon and is a most important centre 
for sensory correlations. According to Koppers, Huber, and Crosby 
(1960) “It is a region of correlation of various somatic impulses 
predominantly, if not exclusively, proprioceptive in character, that 
is, impulses concerned with equilibration and orientation of the body 
in space." 

In Tachyglossus the cerebellum is relatively large and in sagittal 
section it is seen to be divided into lobes (Fig. 29). It is attached to 
the brain stem by three peduncles on each side, the corpus rcstiformc, 
the brachium pontis, and the brachium conjunctivum. The lobes arc 
separated into two main sets by a deep cleft — the fissura prima. The 
posterior part is further divided into two smaller parts called the 
p>Tamis and the pars auricularis by another cleft, the fissura secunda. 
The auricular region is the base of the cerebellum and it consists of 
transNcrse thickenings; one of these, the nodulus. is extended laterally 
on each side. The extensions are called fiocculi and the correspond- 
ing parts of the pyramis are the parafioccull. Compared with the 
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cerebellum of lower vertebrates that of Tachyglosstis is characterized 
by the great development of the transverse diameter and this develop- 
ment together with the flocculus and paraflocculus on each side 
constitute the essentially mammalian structures of the cerebellum— 
the cerebellar hemispheres ; the portion lying between the hemispheres 
is the vermis (Fig. 31). 

Dillon (1962) agrees with de Lange (1918) and Abbie (1934) as to 
the identity and position of the fissura prima in the echidna cere- 
bellum but disagrees on the position of the fissura secunda which he 
claims was confused with the fissura postero-lateralis by Abbie. If 
one accepts Dillon’s identification of the fissura prima and fissura 
secunda, six of the conventional mammalian lobes of the cerebellum 
can be identified in Tachyglosstis and in Ornithorhynchus and a 
seventh, peculiar to monotremes, can also be distinguished. Dillon 
proposed the name lobus ventralis for this structure which is situated 
between the lingula and the nodulus. Thus in the monotremes the 
anterior part of the <^rebcHum consists of the /obus centralis and 
the culmen; posterior to the fissura prima is the pyramis which 
is separated by the fissura secunda from the pars auricularis; 
the latter consists of the lingula, lobus ventralis, nodulus, and 
uvula. 

The white matter of the cerebellum forms a branching system 
penetrating into the various lobes; the grey matter covers the stems 
of white forming a cerebellar cortex. This contains the usual mole- 
cular, Purkinje, and granular layers and the efferent fibres arriving 
ria the restiform body and brachium pontis form synaptic connec- 
tions here. Most of the efferent fibres from the grey matter must pass 
to the two cerebellar nuclei of each side (the medial and the lateral 
nuclei) since the main efferent tracts of the cerebellum, the brachium 
conjunctivum of each side, arises in those nuclei. The fibres of the 
brachium conjunctivum pass forward and ventrally where they are 
joined by trigeminal and ventral spino-cerebellar fibres which run 
to the cerebellum and thus form a small afferent component in the 
predominantly efferent brachium conjunctivum. Anteriorly the 
efferent fibres come to lie between the mesencephalic root of the Vth 
nerve and the lateral lemnicus where they decussate and form 
synaptic junctions in the red nucleus. 
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THE MID-BRAIN 

The mesencephalon consists of a dorsal part, the tectum, and a 
ventral part, the cerebral peduncles. The tectal portions of the mid- 
brain are formed by the superior and inferior colliculi. The superior 
colliculi are comparable to the optic lobes of lower vertebrates and 
arc regarded as visual centres. The inferior colliculi are auditory 
reflex centres. 

The nucleus of the mesencephalic root of the trigeminal has a 
position, as has been described, near the ventral wall in the roof of 
the mid-brain. 

The oculomotor and the trochlear nuclei (Illrd and IVth cranial 
nerves) are situated in the floor of the ventricle in close association 
with the medial longitudinal fasciculus. This latter can be traced to 
the ventral part of the dienccphalon but it is not known exactly where 
it terminates; posteriorly it passes through the pars intercalis 
dicnccphali and in the mid-brain fibres from it form synapses in the 
lllrd and IVth cranial nerve nuclei. As explained above, in 
the medulla oblongata it receives fibres from the cochlear division 
of the Vlllth nerve. Also secondary reflex fibres from the trigeminal 
nerve pass in this tract and they appear to form a reflex path linking 
the Vih ner\’C with the oculomotor nuclei. 

In the tegmental portion of the mid-brain the most prominent 
structure is the red nucleus in which large — and small — celled 
portions can be distinguished. In the tegmentum is also found the 
interpeduncular nucleus. 


Superior coUicxtU 

These arc large and well developed, but in view of the pulaii\e 
poor eyesight of echidnas their functions arc apparently not chiefly 
visual. It is possible to distinguish seven layers in each colliculus 
but most of the afferent fibres to it appear to end in one layer, the 
stratum griscum intermedium. Afferent fibres arrive from the optic 
chbsma (a vcr>' poor contribution) \ ia the brachium superior; others 
come from the Vth nen c, the medial lemniscus, the lateral lemniscus, 
and from the cerebral cortex; there is also a superior collicular 
commissure. Tlic efferent fibres arise mainly from the stratum 
griscum profundum and they arc widely distributed in various fibre 
tracts. The most important of these arc the fountains of Mcyncrt. 
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These &ve rise to two tracts, the tccto-bulbar (medulla oblongata) 
and the tecto-spinal. Other efferent fibres from the stratum griseum 
profundum connect with the 3rd and 4th nuclei, most of the thalamic 
nuclei, the nucleus reuniens, the hypothalamus, the nucleus pretect- 
alis, the pons, and with the cerebellum. 


Inferior colliculi 

The path of the auditory fibres from the lateral lemniscus to the 
inferior colliculus was described on p. 88. The nucleus in the poste- 
rior colliculus is lenticular in shape and it is surrounded by fibres of 
the lateral lemniscus. Efferent fibres from this nucleus pass to the 
medial geniculate nucleus (in the thalamus) via the brachium in- 
ferior. How’ever, some fibres of the lateral lemnicus pass straight 
through the mid-brain without interruption in the inferior colliculi to 
form synapses in the medial geniculate body. Some of these are 
auditory fibres, and the echidna is here exhibiting in a minor w’ay that 
cortical recognition of hearing, which is characteristic of higher 
mammals, since the impulses relayed to the dorsal nucleus of 
the medial geniculate body are in turn relayed to the posterior region 
of the cerebral hemispheres. 


TTfC cerebral peduncles 

Posteriorly these are fused into a single structure, the tegmentum, 
which contains on each side an ovoid mass of grey matter — the red 
nucleus. This consists of large and small celled moieties; it receives 
fibres from the ventral thalamus and from the cerebellum via the 
brachium conjunctivum and gives rise to a large group of fibres — 
the rubro-spinal tracts. These, on issuing from the lower part 
of the nucleus, cross in the ventral part of the tegmentum to form 
the decussation of Forel. Their function in echidnas is unknown but 
they appear to be concerned with the execution of skilled muscular 
movements in man. 

The ganglion interpedunculare, or interpeduncular nucleus, forms 
a very large mass on the ventral surface of the mid-brain between 
the cerebral peduncles. It receives from the habenular (olfactoiy) 
ganglia, fibres which enter and decussate before they form synapses 
at the cells of the nucleus. Efferent fibres from the interpeduncular 
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nucleus then pass to visceral motor centres in the medulla oblongata; 
this, then, is the anatomical basis of the olfacto-visceral activities of 
the habenular ganglia. The tractus habenulo-peduncularis forms part 
of an important bundle of fibres, the fasciculus retroflexus, which 
also conveys fibres from the thalamus to the habenular ganglia. 
The fasciculus retrofiexus thus contains ascending and descending 
fibres. 

The connections of the medial longitudinal fasciculus with the 
oculomotor and trochlear nuclei have been mentioned. These nuclei 
lying in the central grey matter of the mesencephalon between the 
ventricle and the medial longitudinal fasciculus are separate entities 
unlike their counterparts in the rest of the mammalia. The 4th or 
trochlear nucleus is composed of scattered small cells the root fibres 
of which pass downwards through the mesencephalic grey matter to 
decussate and emerge. It innervates the superior oblique muscle of 
the eyeball. The nucleus of the oculomotor nerve is very large and 
reaches almost to the diencephalon. Its fibres innervate the extrinsic 
eye muscles except the superior oblique and the external rectus which 
is innervated by the abducent (Vlth nerve). Between the two nuclei 
is a mass of very small cells which may be the Edinger-Westphal 
nucleus. This in other vertebrates provides the preganglionic fibres of 
the ciliary ganglion the cells of which in turn innervate the circular 
muscle of the iris and the ciliary muscle. There is no ciliary muscle, 
however, in the tachyglossid eye (p. 110). 

The cerebral peduncles in the anterior region of the mcscnccphalun 
arc widely separated and consist of Goldby’s cortico-spinal (Iractos 
tcmporo-trigcminalis), cortico-pontinc, Abbic’s pyramidal, and 
arcuate fibres. The substantia nigra, of unknown significance, consists 
of pigmented cells in close relation fo the pyramidal tract. 


PARS INTERCALIS ENCEPHALI 
Bct^^ccn the mesencephalon and the dicnccphalon lies an in- 
determinate region in the brains of echidnas. In some accounts they 
arc described as part of the diencephalon but Abbic considers them 
as representing a higher mesencephalic level rather than as dien- 
cephalic. The structures in question arc the nucleus prctectalis, the 
posterior nucleus of the thalamus, the large-celled nucleus of the 
optic tract, the posterior commissure, and the fasciculus retrollcxus. 
The latter is of especial importance since it contains fibres which 
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arise from the pars medialis of the ventral nucleus of the thalamus, 
which, inter alia, is the end-station for trigeminal impulses, and which 
pass to the habenular region and the stria mcdullaris, both of which 
are concerned with the reception of olfactory impulses. This band of 
fibres thus connects the trigeminal end-station in the thalamus with 
the olfactory apparatus, linking tactile sensibility of the head and 
mouth with smell. Abbie points out that Jones’ (1923) observations 
of echidnas fossicking support the operation of such a tract; he 
wrote: 

... on (his testing It is not only th« sensitise skin (of the snout) which is 
called into play; forjudging by the frequent inspiratory sniffs which form 
the accompaniment of most of Echidna’s activities the sense of smell is an 
important guiding factor. 

The pretectal nucleus, which is phylogenetically ancient, and the 
posterior nucleus of the thalamus receive lemniscal fibres and fibres 
from the posterior commissure which unites the two pretectal nuclei; 
the pretectal nuclei probably also have connections with the lateral 
geniculate nuclei and Nvith the habenular ganglion. 

Both the nucleus preteclalis and the nucleus posterius of the 
thalamus are found within the superior collicular region in higher 
mammals, thus becoming entirely mesencephalic; the pars intercalis 
encephali is then no longer an entity. 


THE DIENCEPHALON 

The interbrain consists of a ventral hypothalamus, a middle 
thalamus (in two parts, sub- and dorsal thalamus) and a dorsal 
epithalamus. The hypothalamus contains the hypophysis, the 
mamillary body, and the tuber cinereum. The hypothalamus is 
concerned in the integration of functions carried out by the auto- 
nonuc system. 

The epithalamus contains the pineal gland and the paired haben- 
ular ganglia concerned with olfaction. 

The dorsal thalamus consists of medial and lateral divisions, the 
medial containing anterior, medial, and raid-line groups of nuclei, 
while the lateral contains the ventral group of nuclei which receive 
the greater part of the lemnisci fibres. The group provides pathways 
to the cortex for the conscious recognition of pain, temperature, 
tactile, proprioceptive, and vestibular impulses. Also belonging to the 
lateral division of the dorsal thalamus are the medial and lateral 
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geniculate bodies. The medial geniculate is a way station for auditory 
and the lateral is a similar station for visual impulses passing to the 
posterior regions of the cortex (p. 103). A large massa intermedia 
connects the two thalami. 


The Hypothalamus 

This consists of an optic-commissural part, a glandular part, and 
olfactory-visceral correlation centres in the tuber cinereum and the 
mamillary body. These three entities will be described in that order. 

(a) The optic chiasma is very small and the decussation is practically 
complete. Fibres from it pass in the optic tract to the lateral geni- 
culate body and to the superior colliculi, via the brachium superior. 
Three other commissural systems connecting mid-brain and dien- 
cephalic nuclei are found in this region: the commissures of Ganser, 
Meynert, and of Gudden. 

(b) The hypophysis is a large, roughly pear-shaped body lying 
appresscd to the tuber cinereum. It consists of two endocrine glands, 
both of ectodermal origin, but from different tissues: the pars 
nervosa is the sacculate swollen termination of a ventral extension of 
the infundibulum which is hollow and contains an extension of the 
3rd ventricle; the pars anterior is a derivative of the buccal cavity 
ectoderm known as Rathke’s pouch. A detailed description of the 
hypophysis is given in Chapter 6. The pars nervosa contains an 
extraordinary number of nerve fibres and their terminations (Ras- 
mussen, 1938). In cuthcrian mammals and birds these fibres arc 
known to arise in the supraoptic and paraventricular nuclei of each 
side in the anterior hypothalamus. Tlic cells of these nuclei contain 
ncurosccrclor>' granules which arc also found in the axons all the 
way down into the pars nervosa. Barer, Heller, and Lcdcris (1963) 
have shown that these granules, isolated from the nerves, contain 
the pars ncr\’osa hormones oxytocin and vaspressin, w hich have milk 
ejection and antidiurelic properties respectively. Thus the supra- 
optic and paraventricular nuclei along with their dependent un- 
myelinated axons constitute an endocrine gland. 

(c) The olfacto-visccral correlation centres arc in the tuber- 
dnerum. These are the medial h>pothaIamic and preoptic nuclei 
andaxentral hypothalamic nucIcus.Thcsc arc all virtually continuous 
and their combined cITcrcnl fibres give rise to the medial olfacto- 
habenular component of the stria mcdullaris.Thclateral hypothalamic 



96 


ECHIDNAS 


and preoptic nuclei also form a continuous cell mass which lies 
among the fibres of the medial fore-brain bundle and which gives 
rise to the lateral olfacto-habcnular component of the stria medul- 
laris.The origin of the fore-brain bundle is ill-defined, but the bulk of 
the fibres appear to arise in the medial olfactory region of the cerebral 
hemisphere. As the fibres pass posteriorly they are distributed to the 
above-mentioned nuclei, the corpus mamillare, and the tegmentum. 
In addition to these fibres many others reach the hypothalamus from 
various regions of the brain. A compact mass of fibres from the 
cerebral hemisphere terminating in the hypothalamus at the dorsal 
aspect of the medial fore-brain bundle is the olfactory projection 
tract of Cajal; others come from the red nucleus, the medial lem- 
niscus, the tectum, and from the posterior and ventro-medial 
nuclei of the thalamus. 

The corpus mamillare is very large but its connections are chiefly 
with the lower centres in the brain stem and connections with the 
fore-brain are small. Those connections are; a rudimentary fasciculus 
mamillchthalamicus and the tractus mamillo-tegmentalis which both 
arise from the medial nucleus. The fasciculus mamillo-thalanucus is 
ill-defined like that in the Sauropsida; the majority of these fibres 
terminate in the anterior poles of the ventro-medial and ventral- 
thalamic nuclei. 

The largest tract is the peduncle of the corpus mamillare: it arises 
in the lateral nucleus and passes caudally where it is lost in the 
tegmentum. 

The fonm, from the hippocampal cortex, is a poorly defined tract 
at this level and its fibres terminate in the lateral nucleus of the 
mamillary body. 


77ie thalamus 

The large size of the diencephalon is due chiefly to the hypertrophy 
of the ventral nucleus of the thalamus which projects caudally in a 
large pulvinar reminiscent of that found in higher primates (Fig. 
31), but, unlike the primate pulvinar, its large size is due to hyper- 
trophy of the ventral nucleus of the thalamus. 

At the caudal border of the pulvinar and along the course of the 
optic tract in the brachium superior is a swelling, the lateral geniculate 
body. Medial to this and at the anlero-Iateral border of the cerebral 
peduncle is the medial geniculate body (Fig. 30). 
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The two divisions of the nuclei of the thalamus mentioned above 
are as follow: 

(a) The lateral division which contains the ventral group of nuclei 
consisting of the nucleus ventralis and ventralis medius, and the 
dorsal nuclei of the medial and lateral geniculate bodies. The ventral 
nucleus itself, although enormous in Tachyglossus, is even bigger in 
Ornithorhynchtis, whose trigeminal nerve is also much larger (Hines, 
1929). Posteriorly the ventral nucleus projects as the pulvinar (Fig. 
30) and anteriorly it reaches as far as the anterior end of the dien- 
cephalon and extends into the hemisphere compressing the internal 
capsule and the corpus striatum. The ventral nucleus is divided into 
lateral and medial parts; these receive spinal and trigeminal afferent 
fibres respectively from the medial lemniscus. Both parts of the 
ventral nucleus send fibres to the hemisphere through the iateral 
medullary lamina, and also to the habenular nuclei via the tractus 
thalamo-epithalamicus (tractus epithalamicus). 

The nucleus ventralis medialb lies between the ventral nucleus 
and the periventricular grey matter and has connections with the 
habenular nuclei, the tectum, the hypothalamus, and the hemi- 
spheres; the fibres to the latter probably ending in the corpus 
striatum. 

The dorsal nucleus of the medial geniculate body can only be 
identified by tracing the auditory fibres in the inferior brachium to 
their termination in a scarcely differcnlialed portion of the lateral 
part of the ventral nucleus. This termination represents the dorsal 
nucleus of the medial geniculate body in the higher mammals where 
a greater contribution of auditory fibres has led to an unequivocal 
differentiation of the nucleus from the ventral nucleus complex. The 
condition of the dorsal nucleus of the lateral geniculate body is much 
the same, it can only be identified by the termination there of optic 
fibres which have passed in the optic tract from the optic chiasma. 

The combined auditory, optic, and posterior thalamus radiations 
pass to the posterior part of the cerebral hemisphere known as area 
4 of Schuster (1910) (sec p. 101). 

As well as the ^•c^fraI group of nuclei there are two ill-defined 
groups— the lateral and the anterior groups. Tliesc are associated 
with the ventral nuclei and cany out the same sort of functions, i.e. 
the receipt of various sensory' impulses (witli the exception of those 
carried by Icmniscal fibres) and the radiation of those impulses to the 
posterior cortex and to the corpus striatum. 
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(b) The mid*line nuclei concerned with interdiencephalic corre- 
lations are anomalous compared with those in other primitive 
mammals in that they arc distorted and pushed into strange positions 
by the hypertrophied ventral nucleus complex. This has made their 
recognition difficult and their connections have not been traced. 


The epithalamus 

The habenular ganglion of the epithalamus exhibits the usual 
medial and lateral nuclei which are connected by afferent fibres to the 
pretectal nucleus, the medial part of the ventral nucleus of the 
thalamus, the nucleus ventralis medialis, the opposite habenular 
ganglion, and the interpeduncular ganglion. The habenular nuclei 
are also connected to the medial and lateral hypothalamic and pre- 
optic nuclei by substantial fibre tracts, the striae meduUares. The 
striae also carry contributions of coilico-babenular fibres via the 
fornix (p. 99) while other fibres arrive on the stria from the medial 
olfactory region independently of the fornix. 

Efferent fibres pass from the habenula in the fasciculus retro- 
flexus to the interpeduncular ganglion and from here impulses are 
transmitted to the visceral motor nuclei of the medulla oblongata. 

THE TELENCEPHALON 

The olfactory bulbs are attached by short peduncles to the anterior 
ends of the pyriform lobes of the hemispheres; each pyriform lobe 
is a sinuously curved band which extends along the whole length 
of the hemisphere. The paired olfactory tubercles on the floor of 
the telencephalon are very large. In median longitudinal section the 
telencephalon is roughly oval in shape, and at its anterior end is the 
lamina terminalis in which is embedded the anterior commissure 
Unking the two halves of the corpus striatum together; dorsal to this 
is the hippocampal commissure linking together the two cerebral 
hemispheres. Dorsal to the hippocampal commissure is a prolonga- 
tion of the fascia dentata which extends along the medial hemisphere 
wall at its caudal end. At the anterior part of the fascia dentata, a 
strand of fibres can be seen coming from the hippocampus. This 
strand is the fimbria which passes caudally and is then known as the 
fornix. The distribution of the fibres of the fornix is described below. 

The olfactory nerves entering the telencephalon terminate in the 
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anterior olfactory nucleus and from here efferent fibres leave in two 
sets, the lateral and the medial olfactory striae. Impulses from the 
former pass either directly to the hippocampus or indirectly via the 
lateral olfactory area. From the hippocampus the impulses pass via 
the fimbria-fornix to the stria medullaris (to the habenula), and to the 
lateral nucleus of the mamillary body which is connected by the poorly 
developed tractus mamillo-thalamicus to the ventral thalamic nuclei. 

Medial olfactory strial fibres pass to: (a) the opposite anterior 
olfactory nucleus in the anterior commissure; (b) to the amygdaloid 
nucleus of the corpus striatum (via the stria terminalis), whence 
impulses pass to the stria medullaris, and to the olfacto-visceral 
centres in the tuber cinereum; and (c) to a medial olfactory area 
whence efferent fibres also pass to the habenula and via the medial 
fore-brain bundle, to the hypothalamus (probably the medial, 
preoptic and lateral hypothalamic nuclei) and the corpus mamillare. 

From Ziehen’s (1908) account it appears that the corpus striatum, 
which is situated in the lower half of the cerebral hemisphere is 
mammalian in character and consists of three nuclear groups: the 
nucleus caudatus, the n. lenticulostriatus, the n. amygdale, the n. 
accumbens, and Meynert’s nucleus. 

Very little is known of the connections of the caudate and lenti- 
form complexes in Tachyghssits. A tractus striosubthalamicus arises 
in the medial part of the corpus striatum and passes to various nuclei 
in the subthalamus; it appears to be peculiar to monotremes (Hines, 
1929; Abbic, 1934). The nucleus ventralis medialis sends foi^vard 
fibres that probably end in the corpus striatum as they do in other 
mammals. 

In Orniilwrhynchus (Hines), and presumably in Taclngbssiis, the 
Jenliform nucleus is in two parts, the putamcn and the globus 
pallidus; Mcynerl’s nucleus is associated with the latter. The various 
nuclei arc interconnected and the main efferent impulses of the 
corpus striatum pass via an entity called the ansa Icnlicularis, to 
subthalamic and mid-brain centres. 

The functional properties of the corpus striatum and its relation to 
certain types of behaviour arc discussed in the next section. 


The cerebral hemispheres 

In birds the corpus striatum is massive and is much more highly 
org.nnired than that in mammals. Whereas the mammalian corpus 
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striatum contains three nuclear centres, that in the sparrow, for 
example, exhibits ten such configurations. The cerebral cortex is 
relatively poorly developed and the corpus striatum carries out the 
correlation of the reactions and movements which form a part of 
instinctive behaviour. Instinct is highly developed in birds and its 
rather inflexible nature is due to the fact that the reflex areas and 
association neurons in the thalamus and corpus striatum conform to 
a pattern which is the result of ontogeny. This sort of behaviour, 
governed by the arrangement of neurons incorporated into a solid 
mass, is not easily modified to deal with unusual circumstances- In 
mammals the opposite is the case; a vast hypertrophy of the cerebral 
cortex dominates the corpus striatum which is organized into three 
nuclear centres only. The cerebral cortex is not a solid mass but is a 
layer of neurons the number of which in a phyletic sense is increased 
by increasing the area of the layer by folding. The layer formation 
allows of an arrangement of a great number of centres at the surface 
and this, coupled with the plasticity of synaptic activity (Eccles, 
1953), is the anatomical and physiological basis of the versatility of 
mammals in making unusual correlations. 

The architecture of the mammalian cerebral cortex is best under- 
stood by comparing it with the condition of the reptile hemisphere. 
Here there are two main longitudinal strips in the roof of the hemis- 
phere; the laterally placed strip is the palaeocortex (= cortex 
pyriforrais or olfactory cortex), and the median archaecortex (cortex 
hippocampi); in between is an indication of a third strip, the neo- 
cortex. In mammals the neocortex is large and overshadows the 
pyriform and hippocampal cortices; as a consequence the neocortex 
displaces the palaecortex to a ventral position and where the two 
meet a longitudinal fissure, the sulcus rhinalis, is formed. The neo- 
cortex also displaces the hippocampal cortex and since it has a 
median position it is squeezed or rolled to form another fissure, the 
sulcus hippocampi. 

The consensus is that the neocortex is of dual origin, i.e. it is 
formed from parahippocampal and parapyriform portions. Abbie 
(1940), on morphological grounds, found that the neocortex 
of the monotremes conforms to the general mammalian pattern 
in that it is made up of the parapyriform and parahippocampal 
parts. 

Although the neocortex jn all mammals is s’ery well developed the 
gyrencephalic cerebrums of Tachyglossus and of Zaglossus (Gervais, 
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1878; Kolmer, 1925) have been a source of astonishment to neuro- 
anatomists; Elliott Smith (1902) was constrained to write: 

The most obtrusive feature of this brain is the relatively enormous 
development of the cerebral hemispheres which are much larger, both 
actually and relatively, than those of the platypus. In addition the extent of 
the cortex is very considerably increased by numerous deep sulci. The mean- 
ing of this large neopallium is quite incomprehensible. The factors which the 
study of other mammalian brains has shown to be the determinants of the 
extent of the cortex fail completely to explain how it is that a small animal 
of the lowliest status in the mammalian series comes to possess this large 
cortical apparatus. 

Smith was uneasy about the unfamiliar arrangement of the sulci and 
gyri in this cerebrum and rather than commit himself to terms that 
would imply homology with the sulci of other mammalian brains he 
labelled them with greek letters, and that system is still used. The 
cerebrum is compressed antero-caudally which gives it a rounded 
appearance. The neocortex is separated by a deep sulcus rhinalls 
from the pyriform lobe and beneath (he frontal poles lie the two 
broad, flat, olfactory bulbs. 

According to Brodman (1909) the cortex of Tachyglossus exhibits 
more or less the usual six layers found in those of other mammals. 
The layers are described thus: plexiform, small granular (referring 
to granules in small cells), medium to large-size pyramidal, large 
granular, inner large pyramidal, and the spindle cell layer. These are 
not immutable entities and some parts of the cortex may be “agran- 
ular*’. In the brain of Tachyghsstts Schuster (1910) found that the 
sulcus alpha separates a posterior granular cortical formation (area 4) 
from an agranular formation which covered most of the lateral 
surface of the hemisphere. Abbic (1940), in a far more detailed study, 
confirmed that obserxation. This is particularly interesting in view 
of some fascinating results that have come from the experiments of 
Richard Lcndc (1964) on motor and sensory representation in the 
cortex of Tachyglossus. 

The sensory areas were defined by the cvoked-polcnlial procedure, 
i.c. potentials developed in response to various stimuli were recorded 
by steel wire electrodes inserted In xarious parts of the cortex — the 
responses being amplified and displayed on a cathode-ray oscillo- 
scope. Tlic stimuli employed were as follow: tactile by a tap with a 
camel's hair brush, audilorj* by the click of a loudspeaker, and \ isual 
by an electronic flash. In the experiments on motor activities of the 
cortex, the anaesthetized animal was suspended from a rod by wires 





THE CENTRAL NERVOUS SYSTEM 


103 


which passed through the spines of the vertebrae so that the limbs 
hung freely; the exposed cortex was stimulated by the passage of 
current through bipolar electrodes with poles 1 '5 mm apart. 

It was found that auditory, visual, and somatic sensory areas were 
located as shown in Fig. 34. This shows the right hemisphere out- 
lined in a heavy line; the shaded portion responded to tactile stimula- 
tion, the closely arranged dots represent the area which responded to 
auditory stimulation, and the sparsely arranged dots to visual 
stimulation. Drawings from photographs of the cathode-ray oscillo- 
scope display are mounted in the area where the response was ob- 
tained. From this it is seen that the visual cortex is in an area sharply 
defined by sulci zeta and alpha and that the auditory area is at the 
posterior pole of the hemisphere equally sharply separated from the 
visual and somatic sensory areas by the sulcus zeta which lies 
immediately anterior to it. 

The full extent of the somatic sensory area is shown in a lateral 
view of the right hemisphere (Fig. 35); the parts of the echidna which 
were stimulated, giving rise to the electrical charges in the cortex, 
are indicated by the small figures drawn on the appropriate part of 
the cortex. From this it can be seen that representation of the tongue 
was found to extend rostral to the lower end of the sulcus alpha, 
weak responses from stimulation of the limbs were also obtained in 
front of sulcus alpha but Lende is of the opinion that these are in the 
category of “fringe responses” which are known to be recorded 
electrically from regions adjacent to foci of maximal responses. 

The location of the motor area as judged by movements obtained 
on stimulation of the cortex are shown in Fig. 36. From this it is 
seen that the motor region includes the whole of the sensory area 
behind alpha and an area of about the same size in the g>Tus bctucen 
sulci a and A remarkable feature of the overlapping sensory and 
motor area is that there is a correspondence of scnsor>’ and motor 
representation at each point (Fig. 37); where strong motor cfTccls arc 
elicited, in the neck and shoulder musculature, for example, cquallj 
"cll defined somatic sensory representation of those structures is 
found at the same locus in the cortex. 

The echidna cortex is quite unlike that in other mammals: firstly, 
the grouping of the visual, audilorj', and somatic sensory areas oxer 
the occipital pole of the cortex has not been obsened in another 
mammal, and secondly, the relations of the three entities one to the 
other arc difTcrcnl from those in other mammals; in echidnas the 
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Fio. 35. Lateral view of right hemisphere, frontal pole to the left shov.ing 
somntic sensory fieW. Dots indicate where responses are recorded. Shaded 
areas on figurines indicate areas stimulated and black areas denote where 
nmimal response was elicited. Ediidna E7. (Lende, 1964.) (Reproduced 
from J. Neurpphys.) 
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somatic sensory area is located at the ventro-lateral aspect of the 
occipital pole, the visual area is dorsal to this and the auditory area 
is posterior to these two. In marsupials the arrangement is quite 
different (Lende, 1963); however, the marsupial cortex and that of 
Tachyglossus are similar in the sense that a sensorimotor amalgam 
is found in both, but in the marsupial there is complete and coincident 
overlap of sensory and motor representation of the body; there is no 
separate motor area divorced from sensory representation as there is 
in the Tachyglossus cortex lying anterior to the sensorimotor amal- 
gam. Thus the cortex of Tachyglossus bears a resemblance to the 
cortex of eutherians where only separate motor and sensory areas are 
encountered, but in totally different areas of the cortex from those in 
Tachyglossus; there the resemblance ends since there is no sensori- 
motor amalgam in the eutherian cortex, at least not in those studied 
so far. 

Lende’s observations arc in agreement with Goldby’s (1939) in 
that a tract of motor fibres, as shown by degeneration experiments, 
arises in an area which has somatic motor properties as demonstrated 
by delicate stimulation techniques. These results are also in harmony 
with the findings of Schuster (1910) and of Abbie (1940) on the 
difference of the cytology of the cortex anterior to sulcus alpha from 
that lying posterior to that sulcus, and they also substantiate Abbie’s 
(1934) statement that the thalamic radiations terminate in the pos- 
tcriorregion of the echidna cortex. However, they offer no support 
for his suggestions that the pyramidal tracts arise in the anterior pole 
of the cortex and that there is no frontal cortex as such. As Lende 
remarks “Ahead of the posteriorly situated sensory and motor areas 
established in this study there is relatively more frontal cortex than 
in any other mammal, including man, the function of which remains 
unexplored.” When (he functions of that region arc knoun perhaps 
the reasons for the absence of fronto-pomine tracts in the monolrcme 
cerebral peduncles nnIII also be apparent. 


CONCLUSIONS 

Although the brains of echidnas for the most part arc mammalian 
in character they do exhibit certain structures and arrangements that 
arc also found in the brains of Sauropsida and for that reason lhe>' 
arc called primitise. The motor system is in that category since the 
nucleus ambiguus and the hypoglossal nucleus arc dorsally situated 
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in the medulla oblongata, whereas they are ventrally situated th 
eutherian myelencephalon; the fadal nucleus occup'es an nl 
mediary position, nevertheless the presence of 
stamp7the motor system as mammalian. Other differenres 
euthe'rian brains and likeness to sauropsidan are the « 
pars intercalis encephali and the rudimentary c™dit|on of tte 
fornix-mamillare-thalamic system: as a consequence of the latt 
condition discrete anterior nuclei in the thalamus have 
ferentiated from the main thalamic nuclei. 

In other ways the brain shows specializations and developments 
not found in other primitive mammals: the organization o 
cerebellum and the vast hypertrophy of the tngeminal “ ^ 

system with the consequent hypertrophy of the ventral nucleus 

thalamus. . , .... 

The epithalamus is particularly well developed by virtue 
receipt of fibres from the pars medialis of the ventral nucleus ol 
thalamus and from the interpeduncular ganglion via the fascic 

retroflexus. r, j-* . fi.iHc at 

The location of the somatic sensory, visual, and auditory neio 
the occipital pole of the cortex makes it unique among the 
mammals so far studied and the presence of a sensorimotor ama pm, 
as well as a distinct motor area, the former a charactemtic 
marsupials, the latter of eutherians, in the one cortex, makes it c\e 


more so. . . 

Finally it must be mentioned that the structure of 
of Ornithorhynchus is very much like that of echidnas (Hines, 19 
where the one is specialized the other is likewise specialized, where it is 
primitive the other exhibits a like structure or arrangement, but it 
remains to be seen whether or not the lissencephalic cortex o 
Ornithorhynchus exhibits the type of sensory and motor representa- 
tion found in echidnas. 



CHAPTER 5 


SPECIAL SENSES 

THE EYES 

According to Walls (1942) the published descriptions, with the 
exception of O'Day’s (1938), of the eyes of echidnas are erroneous. 
The bulk of Q’Day’s observations, however, have not been published 
but have been made available to Walls who also had access to 
O’Day’s preparations. The following descriptions are based on 
Walls’ interpretations of O’Day’s work. 

In fresh specimens the eyeball Is spherical and convex but fixation 
tends to produce collapse which confers nn avian appearance on the 
eye. There are no nictitating membranes and the lower lids only arc 
equipped with tarsal plates (plates of connective tissue shaped to fit 
the outer convexity of the cornea). On the other hand, Omithorhyn- 
chits has nictitating membranes and tarsi in the upper and lower lids; 
it is appropriate to point out here that in the sauropsidan reptiles the 
loucr lids only possess tarsi, and in the Mctathcria and Eutheria the 
upper lids only arc equipped with (hem. 

Lacrimal (serous) and Harderian (sebaceous) glands arc present in 
the eyes of Tachyglossus but Kolmcr (1925) found only serous glands 
in the eye of Zag/ossus. As an extra precaution against damage the 
corneal epithelium in the eye of Tachyglossits is keratinized as it is in 
those of ant-caling armadillos and aard-varks. 

The relations of the extrinsic eye muscles are like those in mam- 
mals, that is to say the four “recti”: superior, inferior, medial, and 
lateral take their origins at the rear of the bony orbit and become 
tendinous before they fuse with the tissue of the sclera. The two other 
muscles arc attached obliquely to the eyeball and pass to the nasal 
side of the anterior part of the orbit. One of these, the inferior 
oblique, takes its origin there but the other, the superior oblique, 
passes through that fantastic pulley which is characteristic of the 
mammalian orbit, and passes to the back of the orbit where it takes 
its origin slightly anterior to those of the rectus muscles. There is also 
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in the medulla oblongata, whereas they are vcntrally situated in the 
eutherian myelenccphalon; the facial nucleus occupies an inter- 
mediary position, nevertheless the presence of pyramidal tracts 
stamps the motor system as mammalian. Other dinercnces from 
eutherian brains and likeness to sauropsidan are the retention of a 
pars intercalis encephali and the rudimentary condition of the 
fornix-mamillare-thalamic system; as a consequence of the latter 
condition discrete anterior nuclei in the thalamus have not dif- 
ferentiated from the main thalamic nuclei. 

In other W'ays the brain show's specializations and developments 
not found in other primitive mammals; the organization of the 
cerebellum and the vast hypertrophy of the trigeminal sensory 
system with the consequent hypertrophy of the ventral nucleus of the 
thalamus. 

The epithalamus is particularly well developed by virtue of its 
receipt of fibres from the pars medialis of the ventral nucleus of the 
thalamus and from the interpeduncular ganglion via the fasciculus 
retroflexus. 

The location of the somatic sensory, visual, and auditory fields at 
the occipital pole of the cortex makes it unique among the brains of 
mammals so far studied and the presence of a sensorimotor amalgam, 
as well as a distinct motor area, the former a characteristic of 
marsupials, the latter of eulherians, in the one cortex, makes it even 
more so. 

Finally it must be mentioned that the structure of the brain stem 
of Ornithorhynchus is very much like that of echidnas (Hines, 1929); 
where the one is specialized the other is likewise specialized, where it is 
primitive the other exhibits a like structure or arrangement, but it 
remains to be seen whether or not the lissencephalic cortex of 
Ornithorhynchus exhibits the type of sensory and motor representa- 
tion found in echidnas. 
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SPECIAL SENSES 

THE EYES 

According to Walls (1942) the published descriptions, with the 
exception of O’Day’s (1938), of the eyes of echidnas are erroneous. 
The bulk of O’Day’s observations, however, have not been published 
but have been made available to Walls who also had access to 
O’Day’s preparations. The following descriptions are based on 
Walls’ interpretations of O’Day's work. 

In fresh specimens the eyeball is spherical and convex but fixation 
tends to produce collapse which confers an avian appearance on the 
eye. There are no nictitating membranes and the lower Jids only are 
equipped with tarsal plates (plates of connective tissue shaped to fit 
the outer convexity of (he cornea). On the other hand, Ornitliorhyih 
elms has nictitating membranes and tarsi in the upper and lower lids; 
it is appropriate to point out here that in the sauropsidan reptiles the 
lo>Ncr lids only possess tarsi, and in the Mctathcria and Euthcria the 
upper lids only arc equipped with them. 

Lacrimal (serous) and Harderian (sebaceous) glands arc present in 
the eyes of Tacbyglossiis but Kolmcr (1925) found only serous glands 
in the eye of yMghssits. As an extra precaution against damage the 
corneal epithelium in the eye of Tachygfossxts is keratinized as it is in 
those of ant-eating armadillos and aard-%'arks. 

The relations of the extrinsic eye muscles arc like those in mam- 
mals, that Is to say the four "recti”: superior, inferior, medial, and 
lateral take their origins at the rear of the bony orbit and become 
tendinous before they fuse with the tissue of the sclera. The two other 
muscles arc attached obliquely to the eyeball and pass to the nasal 
side of the anterior part of the orbit. One of these, the inferior 
oblique, takes its origin there but the other, the superior oblique, 
passes through that fantastic pulley which is characteristic of the 
mammalian orbit, and passes to the back of the orbit where it lakes 
its origin slightly anterior to those of the rectus muscles. There is also 
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associated with the superior oblique a slip of muscle which has its 
origin at the anterior nasal orbital wall and its insertion emerging on 
the sclera with that of the superior oblique. This extra slip of muscle 
sometimes occurs 3n the adnexa of the human eye. 

As mentioned in Chapter 3, the sclera contains the cartilaginous 
cup which is so characteristic of the sauropsidan eye. Jn Tachy- 
glossus the cartilage is 27 p. thick in the region of the optic nerve but 
in Zaglossus it is m p thick. This cup is surrounded by an outer 


Anterior surface 
of vitreous body 



Fig. 38. Section ofthe eye of After Walls (1942). (Reproduced 

by permission of the O^broofc fnstitute of Science.) 


layer of fibrous scleral tissue which provides the insertions of the 
extrinsic muscles. 

Internal to the cartilaginous cup is the thin chorioidal layer which 
naturally is pigmented and has a highly vascular choriocapUlaris 
whose vessels have unusually large diameters and are connected to 
large veins. Since there are no blood vessels in the retina its nutrition 
is wholly dependent on the blood supply of the chorioid. Tbechorioid 
is continued anteriorly to form the uvea! portion of the ciliary body; 
there is no ciliary muscle. These relations are best seen in a section 
of the eye (Fig. 38). The ciliary body which is covered by the dJiary 
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portion of the retina, consists of about 60 processes whose anterior 
ends are interconnected by an annular shelf-like “sims”. The iris is 
extremely simple and consists of little more than a prolongation of 
the retina with a few blood vessels attached to its anterior face. 
There is no dilator muscle, but there is a sphincter muscle bordering 
the iris. 

The lens is small, and enjoys the distinction of being the “flattest 
of all lenses” (Walls), with a flatness index (diameter divided by 
thickness) of 2‘75. It is suspended by numerous zonule fibres which 
arise in the ciliary body and the sims; the fibres are inserted compactly 
at the extreme periphery of the lens. 

The retina is avascular and contains rods only, but that of Onii- 
tliorhynclius contains rods and cones of two kinds: single cones and 
double cones both of which kinds contains oil droplets. This type of 
retina is characteristic of that of marsupials but single cones only 
have been detected in Eutheria and none of those cones possess oil 
droplets. 

The absence of cones from the retina of Tachyghssiis (they are 
probably absent from those of Zaglossus also, but Kolmer's material 
was too poorly fixed to determine the matter) is not singular since 
many animals that shun the light such as edentates, bats, hedgehogs, 
and some prosimians have pure-rod retinas. If, as is believed, rods 
are responsive to weak light stimuli, such retinas represent an adap- 
tion for seeing in shady or dark places, and it follows that the sight of 
echidnas may not be as “defective” as one is led to think since 
echidnas spend a lot of their lime in shady or dark places. However, 
the absence of any mechanism of accommodation coupled with the 
small size of the optic chiasma and optic tract do suggest that good 
eyesight is not one of the tachyglossid’s strong points. 


HEARING 

The anatomy of the organs of hearing, with the exception of the 
organ of Corti, were described in Chapter 4. Corti’s organ is the 
intcrmcdiaiy for conversion of sound waves in the perilymph into 
the electrical stimuli which are conveyed by the cochlear division of 
the Vlllth nerxc to the dorsal and \cntral cochlear nuclei. 

The organ rests upon the basilar membrane and extends along its 
whole length from the proximal to the distal part of the scala medi.!. 
From Alexander’s (1904) and Kolmer's (1925) descriptions of a 
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poorly fixed cochlea in adult TaehygJosstis and Zaglossiis and from 
well-fixed material in pouch young (Alexander) it appears that Corti’s 
organ in echidnas is identical with that in eutherians, consisting 
essentially of long rows of exquisitely sensitive hair cells protected by, 
or attached to, a verandah-like roof, the tectorial membrane. The 
hair cells exhibit stiff cilia which project into the endolymph and may 
even be embedded in the overhanging tectorial membrane. The basal 
ends of the hair cells are in intimate relationship with the terminal 
fibres of the cochlear division of the Vlllth nerve. 

Sound waves entering (he cartilaginous ear trumpets set up, in the 
tympanic membrane, vibrations which are transferred by the long 
manubrium to the head of the hammer thence to the columelUform 
stapes via the incus. By analogy with what takes place in the eutherian 
cochlea it can be assumed that the movements of the expanded 
footplate of the stapes on the vestibular membrane are transmitted to 
the perilymph, and since the membrane in the round window can 
bulge into the middle-ear chamber in response to the movements of 
the stapes, corresponding movements can occur in the perilymph of 
the scala vestibuli. Thus each time the footplate of the stapes is 
pressed into the oval window the basilar membrane moves towards 
the scala tympani and bends the processes of the hair cells fixed to 
the tectorial membrane. 

When the ear Is stimulated by sounds, vibrations of the organ of 
Corti produce corresponding electric changes in the scala media. 
These minute potentials (less than I mV) can be detected by an 
electrode placed on the round window (Davis, 1957) and they are 
known as cochlear microphonics (CM). These microphonic potentials, 
which follow exactly sound pressure vibrations, are generated in the 
hair cells of the organ of Corti. Exact details of their generation are 
unknown but they appear to be dependent on the high potassium 
content of the endolymph in the scala media. The endolymphs of all 
vertebrates examined so far have high potassium and low sodium 
concentrations; mammals, for example, have about 150 msi K and 
5 ms! Na (Johnstone et at., 1963). 

In addition to CM there are other potentials in the scala media, 
the d.c. resting potential or endocochlear potential (EP) and sum- 
mating potential (SP) (see Konishi, Butler, and Fernandez, 1960, for 
review of literature). The d.c. potential in the mammalian cochlea is 
about + 80 mV with respect to plasma, about 4- 45 mV in birds 
and only + 2 to + 20 mV in reptiles (Schmidt, 1963). This d.c. 
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potential in the mammal cochlea is decreased by anoxia, but the 
reptilian d.c. potential is anoxia-insensitive (Schmidt, 1963; Schmidt 
and Fernandez, 1963). The summating potential (SP) is a steady 
potential in the scala media related to the average sound pressure. 
In addition to these potentials of the scala media, an action potential 
(AP) occurs, of course, in the cochlear division of the Vlllth nerve. 

Thus the cochlea potentials give considerable insight into the 
nature of the physiology of the cochlea, i.e. whether or not it is 



INTINSIIV 

Flo. 39. Relationship of microphonic potential to applied sound pressure 
(db abo\e 0*0002 dyne). The cunc is reasonably linear up to 80 db. 
(Johnstone unpub.) 

mammalian, avian, or reptilian in its characteristics. Recently 
Dr. Brian Johnstone and his colleagues at the L/niversity of Western 
Australia have studied these potentials in the echidna cochlea. 
Dr. Johnstone has ver>' kindly sent me his results, which arc about 
to be published, and they arc as follow: the d.c. poIenij.al in the 
scala media of Tachysh^siis aaiicauts amkatus and ineptus is 
approximately 4* 80 mV and it is anoxia-sensitive. CM.SP, and AP 
were 500 pV, 400 /iV, and 100 /tV, respectively and all \cr>' similar 
to those recorded in culhcrian mammals (Fernandez and Schmidt, 
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Schmidt, ,963; Scheldt .nd 

are very difTerent from those teco , (1965). Further- 

SP ,00 ,V, AP 20 irV) by 

more, the CM in ^?h.dnas are srnooth funct ons m 

(Fig. 39) whereas in lizards there arc P 

(Wever et al., 1963). ; „ the sound pressure 

relutrtfSt rronlnuTveU^ -as also recorded 




Fig. 40. Cochlear microphoruc frequency responses, 'p*® 
sound pressure (m db above 0-0002 dyne) required to elicit a const 
microphomc voltage (10 jiV). (Johnstone, unpubl.) 


in echidnas. It is very similar to the eutherian CM audiogra . 
maximum sensitivity was observed at 2-3 kc and the responses 
15 kc and at 500 c/s was some 30 db less sensitive (Fig. 40). 

The frequency at which the cochlea was most sensitive depen e 
somewhat on the condition of the cartilaginous external audito^ 
meatus and since the dissection necessary to expose the roun 
window caused some drying of the meatus, the true maximum 
sensitivity is likely to be nearer 2 kc than 3 kc. 

Since it is known that the microphomc audiogram is a reasona 
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approximation to the true audiogram it may be inferred from this 
that the hearing of echidnas is similar in frequency range but some- 
what less sensitive than the eutherian (for example cats) hearing. Thus 
the lack of coiling in the cochlea and the marsupial-like ossicles do 
not appear to give rise to hearing different from that in eutherians in 
any major way. 

Johnstone also made some tests to see if the ear was peculiarly 
sensitive to sounds conducted by the body. Tapping the body at 
various points elicited very small microphonics but when the snout 
was tapped a large microphonic potential was observed. It is en- 
tirely possible then that echidnas get some sound information when 
its snout is resting on, or burled in, the ground. 

Johnstone concludes that the echidna ear appears to be every bit 
as efficient as (hat in the Eutheria. 



CHAPTER 6 


ENDOCRINE GLANDS AND THE 
GLANDS OF THE IMMUNE SYSTEM 


ADRENALS 

Some nine separate studies of the prototherian adrenal have been 
made, but only on three occasions (Basir, 1932; Bourne, 1949; 
Wright, Jones, and Phillips, 1957) have the descriptions been based 
on observations of properly fixed fresh material. According to Basir 
and to Wright, Jones, and Phillips the adrenals, both left and right, 
arc pear-shaped in Tachyglossus aculeatus (probably the subspecies 
ineptus was studied by Wright et ai, since these echidnas came from 
Western Australia) and in a typical specimen measured I *2 X 0*7 
cm and 0-5 cm deep. The anatomical relations with the Iddneys are 
shown in Fig. 49. The whole gland is surrounded by a thick capsule 
of connective tissue embedded in which at the caudal pole is a mass 
of nervous tissue — Basir’s ganglion. The caudal pole also contains 
the chromaffin tissue (Fig. 41), which is arranged as solid convoluted 
cords of tissue. The cells in the medulla appear to be of two tinc- 
torially and structurally distinct kinds when stained with Heiden- 
bain’s iron haematoxylin: the cells at the periphery of the cords are 
elongated, arranged radially, and contain many darkly-staining 
granules (Fig. 42) and those at the core of the cords are polygonal, 
are not oriented in any particular way, and contain less granular 
matter than the peripheral cells. Possibly this is an anatomical 
expression of the elaboration of two active amines, epinephrine and 
norepinephrine. Bourne (1949) found that the relationships of 
medulla and cortex were highly variable and he claims that some 
adrenals had no chromaffin tissue whatever; whether or not those 
glands were serially sectioned is not staled. 

The cortical tissue is made up of two types of cells and both types 
occur as irregularly arranged anastomosing cords, one or two cells 
in thickness (Wright, Jones, and Phillips, 1957). The cords are in 
many instances separated by sinusoids. Blood drains from all 
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regions of the gland by these sinusoids which are interconnected. A 
large sinusoid passes from the capsule on the dorsal-lateral part of 
the gland, through the cortex, to join a smaller sinusoid. Here a 
large vein is formed by the junction of the two sinusoids and that 



Tio. 41. Median longitudinal section of right adrenal of Tachyglosuts a. 
aculeatus. Heidenbain’s iron hacmaioeylin. x 13. 

Ncin passes through the chromaffin tissue. It is joined by more 
sinusoids before leaving the gland at the caudal pole. 

One of the two types of cell found in thccortet occurs in the cords 
arranged around the periphery' of the gland, lying immediately 
below- the capsule. These arc relatively large cells and when Mallory's 
triple stain is used to stain them, they take up the orange G com- 
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Td^ml , *'' '™"'’" »f "^■»™llm and cortTcI tissues of 

Sa?SS”r “• ““'<•»'“•■ The cortical cells vis, Me are of the 
small basopl„l,c type, Heidenhain's iron haematosylin. X431. 

corteraS' '■"“"‘i i" ttc deeper regions of the 

aSnst The chT T noticeable where the cortical tissue abuts 
the type at th bssue. This cell is relatively small and, unlike 

or^nge^ “ ‘““PMic and does not stain with 
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In formalin-fixed glands Wright et ah found that Sudan black stain 
gave but a faint indication of lipid granules in the cortex. We have 
had much the same experience with the adrenal of T. a. aatleatiis; a 
mixture of Sudans III and IV gave very little evidence of lipid drop- 
lets in formalin-fixed tissue. This is not to say that the echidna 
adrenal is incapable of laying down a store of lipid granules as 
eutherian adrenals do; many factors are known to influence the 
amount of lipid granules in the cortex and among these can be listed 
emotional stress and shock. In eutherians non-specific stressors can 
lead to the discharge of lipid from the adrenals and very likely this 
can happen in echidna adrenals. The adrenals that we studied were 
taken from an echidna killed a few days after it had been captured 
so that it is more than possible that it was terrified, a condition that 
would lead to discharge of lipids in eutherian adrenals. Until the 
adrenals in echidnas are studied under specified conditions the ques- 
tion whether or not lipid granules are stored in the cortex, remains 
open. 

The arrangement of the cords in the cortex of the echidna adrenal 
is very like that found in bird and reptile adrenals OVright and Jones, 
1957; Sturkie, 1965), but in those animals the chromaflin tissue is 
scattered throughout the cortical tissue in the form of separate 
islets. The concentration of chromaflin tissue into a more or less 
well-defined mass is mammal-like so that the echidna adrenal 
exhibits that blend of mammalian and reptilian structures found in 
other organs. There is no real evidence that the cortical tissue is 
arranged into definite zones completely surrounding a discrete 
medulla as in the metatherian and eutherian adrenals, but Wright, 
Jones, and Phillips can detect a differentiation of cortical tissue into 
three layers which they designate, non-committally, zones 1 , 2, and 3. 
This arrangement, they say “Demonstrates the potentiality of form 
finally achieved in the Metatheria and Eutheria in which the compact 
chromafiin tissue reaches its central position.” 


Conicosteroid secretion by the adrenals o/Tachyglossus aculcalus 

Weiss and McDonald (1965) have shown that free corticosteroids 
could be delected in only one instance out of five in peripheral ^\holc 
blood. The steroids were cortisol (hydro-cortisone) and corticos- 
terone in the minute concentrations of 0'l-0'2 /ig per 100 ml. 
Similarly corticosterone and cortisol wxrc secreted into adrcn.al 
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venous blood at very low rates; the maximum rate for corticosterone, 
for example, was only 2-6 ns per 100 mg adrenal per hr, which is 
minute compared with the rates of secretion found with rat, rabbit, 
guinea pig, and wombat adrenals (Weiss and McDonald, 1966). 

Free or conjugated corticosterone, cortisol, or their tetrahydro 
derivatives could not be detected in measurable quantities in the 
urine of echidnas kept in metabolism cages— a finding in agreement 
with the observations of low secretion rates of corticosterone and 
cortisol. The significance of this is unknown at present and probably 
only adrenalectomy will ^ve an estimate of the importance of the 
adrenals in echidna mineral and carbohydrate metabolic processes. 



Fio. 43. Median longitudinal section of the pituitary gland oTTachyglossus 
aculeaius. After Hanstrom and 'Wingstrand (1951). 

It is noteworthy, however, that echidnas are refractory to injections 
of large doses of cortisone as far as their blood sugar level is con- 
cerned (Griffiths, 1965a), suggesting that the minute amounts of 
gluco-corticoid secreted by its adrenals would be of little physio- 
logical significance to the echidna. 

THE PITUITARY GLAND 

As we have seen this is a large pear-shaped body dependent from 
the ventral surface of the infundibulum. Hanstrom and Wingstrand 
(1951) have descnbedthearrangementsof the various partes and their 
relationships to one another in the pituitary glands of one specimen 
of T. a. seiostis and one of T. a. aculeatus. In both these pituitaries in 
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median longitudinal section the pars anterior is seen to be pear- 
shaped with the narrow end anterior. At its dorsal surface the pars 
anterior comes into contact with a downward projection of the pars 
tuberalis, which is plastered along the whole length of the median 
eminence (Fig. 43). At the posterior end of the pars anterior is a 
hypophyseal cleft (a rest of the cavity of Rathke’s pouch), which 
separates the pars anterior from the pars intermedia. The latter is 
closely applied to the antero-ventral face of the infundibular process 
or pars nervosa. In T. a. setostis Hanstrom and Wingstrand found that 
the pars intermedia was separated from the pars nervosa by a thin 
lamina of connective tissue which was not apparent in the T. a. 
acnleatiis pituitary. 

As far as the histology is concerned the pars tuberalis consists of 
chromophobe cells among which are scattered a few basophils. When 
stained with the Heidenhain azan technique the pars anterior is 
found to consist of two distinct regions: one, the anterior, exhibits 
many acidophils stained wth carmine while the posterior region 
contains acidophils that stain for the most part with orange G. Both 
regions exhibit the usual sprinkling of basophil and chromophobe 
cells. The pars intermedia, unlike that in other vertebrates, is not a 
basophilic tissue but consists of acidophils and chromophobes. 

The pars nervosa is noteworthy: in the eutherians and meta- 
therians the neural lobe arises as a hollow outgroulh from the floor 
of the dicncephalon and its distal end grows into a solid swollen 
lobe which contains many characteristic cells called pituicytes which 
are related to the astrocytes of the central ner\'ous system (Grifliths, 
1940; Shanklin, 1944); among those pituicytes the terminations of 
the axons of the supraoptic nuclei of the hypothalamus are found 
(p. 95). In Tachyghsstts^ however, the infundibular cavity extends 
right down into the pars nervosa which is sacculated rather than 
knob-like, a condition like that found in the partes ncrN osac of the 
Sauropsida. In Tachyghssus the infundibular cavity is lined by 
ependymal cells whose processes intermingle with those of the 
pituicytes as they do in the pars nervosa of the chicken (Grifliths, 
1940), but for some unknown reason the del Rio-Hortega (1921) 
silver carbonate technique that stains avian piiuic>tcs so ucll stains 
only microglia, (he representatives of the rcticulo-cndothclial system 
in the brain (cf. Vasquez-Lopez, 1940). 

In the Euthcria the dcrisatives of Rathkc*s pouch elaborate 
protein and polypeptide hormones of high molecular ueight but 
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nothing is known of these in the Prototheria. On the other hand, 
Sasvycr, Munsick, and Van Dyke (1960) have identified phanna- 
cologically, the active principles in the pars nervosa of Tachyglossus. 
These are the two peptides oxytocin and 8-arginine vasopressin 
(antidiuretic factor) which are characteristic of ail mamraal pitui- 
taries with the exception of those of the Suiformes which elaborate 
oxytocin and 8-lysine vasopressin (Ferguson and Heller, 1965). The 












Fig. 44. Islet of Langerhans of Tachyglossus a. aculsatus. Showing central 
core of beta cells surrounded by a darkiy-staiiung ring of alpha cells. 
Gomon stain. (Griffiths, 1965a.) X679. (Reproduced from Comp. 
Biochem. Physiol.) 


Sauropsida, however, secrete an entirely different vasopressor- 
antidiuretic substance, S-arginine oxytocin. This has equal pressor 
and oxytocic activity in the one molecule but in addition the saurop- 
sidan pars nervosa elaborates oxytocin, so that the oxytocic activity 
here is the sum of the S-arginine oxytocin -f oxytocin (Follett, 1963), 
thus the partes nervosae of Tachyglossus and the Sauropsida are 
similar anatomically but different biochemically since the gland in 
Tachyglossus secretes hormones of the mammalian type. 

Oxytocin is of peculiar importance to mammals since it brings 
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about contraction of the myoepithelium which invests the alveolae 
of the mammary glands and thus brings about milk ejection (p. 190). 


THE ISLETS OF LANGERHANS 
The islets of Langerhans are distributed throughout the pancreas, 
which is a discrete organ, and they take the form of compact spheroi- 
dal groups of cells. The islets exhibit the usual alpha and beta cells, 



Fig. 45. An islet of Langerhans equipped with alpha, beta, and indifTerent 
cells. The alpha cells form a discrete darUy-staincd group peripheral to the 
others. Gomori stain. (GritTcffts, 196^3.) x45L (Reproduced from Orm/r. 
Jf/ocAem. PAyjioO 


which secrete glucagon and insulin respectively, as well as C or 
indifTerent cells. Many of the islets consist of alpha cells alone, or of 
indifferent cells alone, but the majority consist of a core of beta cells 
surrounded by a ring of alpha cells (Rg. 44), reminiscent of those in 
the rat pancreas. A few islets may possess all three classes of cells 
but where this happens the trend is, again, towards a discrete group 
of alpha cells peripheral to the rest of the cells (Fig. 45). 

The quick fall of the blood sugar to a normal level after injection 
of glucose (Fig. 20) argues th.at an acti\c secretion of stored insulin 
takes place in response to the hypcrgl>*ccmia. Ho\\c\cr, crude insulin 
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marked hyperglycemic actmty-a glucagon effcch This sugg^^ ^ 
the echidna islets store more glucagon than jiiectio/of 

of the echidna, however, responds in a normal way to in ertiOT 
regular insulin but insulin has no anabolic effects m 
(Griffiths, 1965a). This is not novel since many normal Euthen 
to erhibit enhanced growth or other anabolic effects m 
“jected insuliu. but insulin 

positive nitrogen balance in diabetic animals. An attempt, 
was made to induce diabetes mellilus in echidnas with the ide 
testing the effect of insulin in them. Injections of alloxan were fou 
to he useless since the kidneys were more susceptible to the necro 
effects of aUoxan than the islets of Langerhans were (Onffiths. isoaat, 
furthermore, injections of cortisone and of cortisone 4* 
hypophyseal growth hormone faded to induce diabetes, contrary^ 
their effects in many eutherians. The question, then, 
insulin has anabolic effects such as improved N , retention m echidna , 
remains open. 


THE THYROID GLAND AND OTHER DERIVATIVES 
OF THE PHARYNGEAL POUCHES 
The development of the thyroids, thymus, parathyroids, carotid 
glands, and the post-branchial bodies have been described by 
Maurer (1899) in embryonic stages 40 to 47 and in a pouch young 
12 cm long. The anatomy of the glands in one adult animal have also 
been described. 

In the youngest stage the usual four pairs of pharyngeal pouene 
are found (Fig. 46). The first pair extending between the mandibular 
and hyoid arches come into relation at their distal ends with the 
auditory capsules and give rise to the tympanic cavity of either side 
and to the eustachian tubes. The second pair give rise to a pair o 
outgrowths that come into contact with the w’all of the 3rd artena 
arch; each of these outgrowths b nipped off and is transformed into 
a ganglion, which, along with other cellular elements forms a caroti 
body. 

On the ventral surface of the pharynx berts’een the 1 st and 2nd sets 
of pouches an unpaired diverticulum appears which, when freea 
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from the pharynx, will form the thyroid gland. The 3rd pair of 
pouches produces two sets of outgrowths which will disengage 
themselves from the pouches and migrate into the neck there to form 
the paired thymus and parathyroid glands. Another pair of para- 
thyroids is formed from derivatives of the 4th pair of pharyngeal 
pouches which also give rise to the paired post-branchial bodies. In 
some mammals the 4th set of pouches forms a minor contribution 


Thyroid diverticulum 



(a) (b) {■:) 

Fio. 46. Stages in the dc> clopmcnt of dcri\'atives of the phaonx in Tachy- 
ghsstis. (a) stage 40; (b), stage 47; (c) half grow-n echidna. 1, 2, 3, 4 =• 
pharyngeal pouches. After Maurer (1899J. 

to the thymus, but in general the 3rd set of pouches is the major 
source of thymus tissue and the Tachyshsstis thymus conforms to this 
pattern. 

During the ensuing stages of development the analagcn of the 
thyroid gland, the thymus glands, and of the parathyroids migrate 
caudally down the neck and come to lie in the thoracic cavity 
posterior to the diaphragm, attached to the trachea and in contact 
\\ith the pericardium. In the half-grown echidna (Fig. 46 (c))^ the 
thymus glands are rclati\cly enormous but in the full-grown echidna 
they arc liny relative to ihc thjToid (Maurer, 1899). This process of 
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atrophy is similar to that which takes place in birds, eutherian 
mammals, and in man. 

In contrast to the three glands described, the post-branchial 
bodies retain a position anterior to the diaphragm and are attached 
laterally to the trachea. 

Nothing has been published on the structure of the adult thyroid 
gland in Tachyglossiis but Kolmer (1925) described a badly fixed, 
cytolysed gland of Zagtossus bruijni. However, Mr. M. Augee of 
Monash University has kindly sent me two of bis slides of sections of 
the thyroid in T. aailealus aculeatus and from this material it is 
apparent that the thyroid consists of the usual close aggregation of 
follicles or vesicles of variable size, the microscopial appearance of 
which gives no cause to disagree with Marine’s (1932) statement that 
the gland is “Similar in all animals from fish to man/’ Each follicle 
consists of a single layer of epithelial cells which encloses a mass of 
colloid. However, in this specimen the epithelium is tall and re- 
sembles that of the normal rat thyroid and is quite unlike the flattened 
epithelium found in the guinea-pig thyroid; the colloid is lightly 
stained which is indicative of an actively secreting gland— -dark- 
staining colloid is characteristic of sluggish inactive thyroids. 
Doubtless the tachyglossid thyroid will prove to exhibit vastly 
different cytological pictures at different times of the year much as 
the thyroids do in other mammals that hibernate (see Kayser, 1961). 

The structure of the paired thymus glands in adult T, a. acukatus 
has been described by Dtener and Ealey (1965). Each gland consists 
of «umerous highly vasevhr lohufcs each of which is divided into 
cortical and medullary zones as they are in those of eutherian 
mammals. The medulla contains many Hassall’s corpuscles; Diener 
and Ealey state that there is no significant difference between the 
thymuses of Ta''l}yi;lossus and of Eutheria so presumably the cortex 
consists of densely packed small lymphocytes among which are 
interspersed relatively few reticular ceUs, In the medulla this relation- 
ship is reversed and here one sees few lymphocytes and many reti- 
culocytes. The Hassall bodies, rounded acidophil structures, consist 
of concentrically arranged cells which show signs of degeneration 
and hyalinization, 

77te glands of the immune system 

These are the lymph nodules, spleen, thymus glands, and the 
appendix. 
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The lymph nodules occur in the chest, neck, pelvic region, and 
in the mesenteries. Lymph nodules in the form of tonsillar tissue also 
occur in the pharyngeal region associated with the submaxillaiy 
glands (Diener and Ealey, 1965). Payer’s patches were later found in 
the gut by these authors (Diener and Ealey, 1966). Each nodule 
consists of a single follicle of lymphoid tissue consisting of a pen 
pheral cortical region of small lymphocytes enclosing a medu ary 
zone composed of primitive cells; this medullary zone is equivalent 
to the germinal centre of the eutherian lymph node follicle. The 
nodules in TachyglossuSy however, consist of one follicle each, a 
condition unlike that found in the lymph nodes of those Eut eria 
that have been studied; here the nodes consist of a series of follicles 


grouped together. • u i • 

Some lymph nodules in Tachyglossus are suspended m the lumina 
of large lymphatic vessels (Fig. 47), but the contents of the no u es 
varies; some are empty or contain only a few lymphocytes, others are 
filled with lymphocytes and red blood cells. 

In the appendix the lymphoid follicles in general ^esem e ^ e 
nodules found in subcutaneous tissue but they differ in that t ere is a 
central core of epithelial cells. Diener and Ealey suggest t a cac 
follicle in the appendix may have arisen as an accumu ation ot 
lymphocytes around an epithelial crypt and that as it deve ope e 
structure of the crypt was lost. The appendix of echidnas is very i 'c 
that in rabbits and the bursa of Fabricius in birds. 

The spleen consists of two lobes, and where they unite ^ 
shorter appendage is found giving the organ a trira latc s ape 
(Curier, quoted by Owen. 1847) and at the end of the short 
age is a pear-shaped enlargement. Basic (1932) has esen e 
microscopial anatomy of the spleen and he finds that it is 
with a well-dcvelopcd fibrous capsule which contains a considerab! 
amount of smooth muscle and which sends trabeculae into he 
splenic pulp. These trabeculae form an anastomosing netuor in 
interior of the organ. In between the network is the splenic pu p 
stroma of which consists of a branching syncytium formed by 
reticular cells in which run reticular fibres. This loose stroma is i 
with red blood cells. The arteries and veins enter and leave the spice 
at the hilum. The arteries pass along the trabeculae into t c sp cm 
pulp enclosed in a connective tissue sheath. In the pulp these s c 
become invaded with small lyinphocytes forming the uhile pu p 
malpighian corpuscles. The venous capillaries and sinuses arc lineu 
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cells, but in the pear-shaped enlargement he found, in addition to 
these, special large cells whose cytoplasm is filled with coarse 
acidophil granules which are so numerous that the nucleus is dis- 
placed to one side of the cell ; Basir hazarded no opinion as to t e 
nature of these cells but it is possible that they are degenerate plasma 
cells, the acidophil crystals of which are set free and are known as 
Russell’s bodies. 

As far as the microscopical anatomy of the malpighian corpusc es 
(white pulp) is concerned Basir found that each corpuscle is sur- 
rounded by a large blood sinus, that they are formed entirely of small 
lymphocytes, and that no germinal centres are present. Diener an 
Ealey (1965), on the other hand, speak of marginal zones and ot 
germinal centres which contain primitive pyroninophil cells, m t e 
white pulp. . . . 

The immunological responses of the lymphoid tissue to injectmns 
of bovine serum albumin, sheep red cells, colloidal carbon, and to 
I“Mabelled flagellar antigen from Salmonella adehide have been 
studied by Diener and Ealey. Following its subcutaneous injection, 
colloidal carbon was found to accumulate in the periphera zones o 
the lymph nodules and a fine web of phagocytic processes retaining 
the carbon particles was evident, as it is in the lymph nodes o ra 
injected with carbon. In echidnas, however, the carbon particles 
spread into the medullary zone of the follicle; this does not appen 
in the rat follicles. Furthermore, when P'Mabelled flage ar an igen 
is injected nothing comparable to the selective retention o antigen 
at the periphery of primary lymphoid follicles in the rat is oun in 
the echidna lymphoid follicle. However, evidence ® 
response is seen in the form of clusters of pyroninophi ce s c c 
table among the small lymphocytes. Other evidence o 
response to flagellar antigen was forthcoming from stu y o 
antibody formation. No antibody was detectable following injections 
of bovine scrum albumin or of sheep red cells, but antibody was 
found in blood after injection of 1 mg of flagellar antigen, t ® * 

litres, however, were considerably less than those found in t le o 
of mice and rats following injection of flagellar antigen. Furt ciroore. 
there is no clear-cut memory’ response after challenge 
antigen in echidnas (Diener, pers. comm.) but the 
appear to be more pronounced than that found in amp i la. ^ 

sequent work on a large number of echidnas confirms this m mg. i 

substance, in that some echidnas show no anamnesty response 
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whatever while others exhibited some response which was, however, 
much less than that exhibited by cuthcrian mammals (Diener and 
Ealey, 1966, Plenary session of Xlth International Congress of 
Haematology, Sydney, Aust.). These authors suggest that the 
erratic memory response of the echidna immune system may be due 
to the diffuse distribution of single lymphoid follicles so that there 
is less chance that the same follicle reacts to antigen after a primary 
as well as a secondary antigen injection; on the other hand, the 
muhifollicular lymph nodes of the Eutheria would have a better 
chance of receiving primary and secondary doses of antigen since 
several follicles in a node would be exposed to the antigen. 



CHAPTER 7 


THE REPRODUCTIVE ORGANS 


THE MALE SEXUAL ORGANS 
These consist of paired testes and vasa deferentia, Cowpers 
glands, and a penis. There is no scrotum, the testes being situa e 
internally just posterior to the kidneys and attached to ^ ^ ^ 

fold of peritoneum. This fold continues to the neck of the ladder 
and encloses the vas deferens which is highly convo ute . 
epididymis passes from the anterior end of the testis to its c^nec ion 
with the vas deferens which leads to the urogenital sinus. 
vas enters the sinus at its dorso-latera! aspect on a leve 
emergence of the neck of the bladder from the ventral sur ace 

The urogenital sinus is a long tube passing 
pelvis where it communicates wth a cloaca into which . 

also opens. The cloaca is furnished with a sphincter at i s P° 
end. This arrangement of a simple tubular urogenital sinus c 
urine and sperms is found in many marsupials. . , „ 

At a short distance anterior to its opening into t e c , 

urogenital sinus communicates by means of a separate °Pf’'' .. 
the central canal of the muscular penis which is house in 
ticulum of the ventral surface of the cloaca— the preputia J • 
urine does not enter the penis but passes straight t roug 
genital sinus into the cloaca {Home, 1802). nfihe 

best understood by reference to a drawing by ^ ^ . ndult 

urogenital system in a stage 53 pouch young (Fig. )• d 
the preputial sac is thin and fibrous and the erect perns 
escape from this sac by passing through a small sphinc er 
in the ventral wall of the cloaca and then out through th 
sphincter to the exterior (Fig. 49). 

The penis in a large adult isabout 7 cm long, somcuhat comp^ CQ 
dorso-\enlrally and about 1 *25 cm widc.Tlie glans is 
the impression of being bifid and each portion bears a p-ii 
131 
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nroccsscs c.ich of which bears a rosette of epidermal rays so that the 

divides and passes to the exterior through the centre of each 
’’tresumably during copulation the swollen proximal end of the 


Bladder 



penis occludes the lower end of the urogenital sinus so that sperm 
are forced to enter the seminal urethra rather than pass straight 
through to the cloaca. The penis of the marsupial bandicoot, 
Perameles nasula, is like that ofTachyglosstis in that there is a separate 
seminal urethra used solely for the passage of sperm, while a urinary 
passage opens separately into a cloaca (van den Broek, 1910). 

The corpus cavernosum within the penis of Tachyglossus is dividea 
into two moieties but both are enclosed by a common fibrous sheath. 
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The paired Cowper’s glands (Home, 1802; Voit, 1906) are very 
well developed and consist of an outer mantle of striate muse e 
enclosing a system of convoluted tubular glands which lea ^ 
secretion reservoir from which an efferent duct emerges. e 
muscular mantle is connected to the sphincter muscle o t e c oaca. 
The tubules of the gland, which are lined by a cuboida epit e lum, 
are separated one from another by a layer of connective tissue, e 



collecting ducts are lined by a columnar epithelium. 
of each side enters the sperm urethra near its connee i 
urogenital sinus. .. an 

The fully developed testes arc large ovoid bodies consi ^ 

outer tunic of connective tissue immediately ow --.5 10 
collection of seminiferous tubules. The size of t c ^ 

varywUhthctimcofthcyear.c.g. two echidnas w osc and 

-- 5.5 hg and 4-5 legend which -re tahen m 
early September, respectively, both had sets 
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50 c/sct, but another large echidna, weighing 5*5 kg, taken in early 
November, had a set of testes weighing only 6 g. I n a progress report 

Johnstone and Ealcy (1965) stale that testes regress in spring and sui^ 

mcr and enlarge in autumn and that spermatogenesis is at a maximum 
during June and July. Their obsen-ations apparently were made on 
domesticated echidnas and on wild echidnas kept in captivity t^ 
2 months. It is not known if spermatogenesis ceases in the regressed 

testesjspermatogcnesis could not be detected in the testis of a domes- 
ticated echidna that I have examined; there were no lumina in the 
tubules and only a solid mass of identical cells could be observed. 

At present, then, the situation is vague, due to lack of published 
information; what is very much needed is a study of testis size and 
condition in wild adult echidnas of reasonably uniform b^y weight 
throughout a whole year. However, the information available is in 
agreement with what is known of the breeding season of Tachy- 
glossxis in Australia (p. 1 54). 


Spermatogenesis 

The tubules of the ripe testes arc invested with a layer of connective 
tissue and the tubules for the most part are closely appressed to one 
another so that there is very little interstitial tissue (Benda, 1906). 
This author has described the processes of spermatogenesis and 
spermiogenesis in detail : the ripe tubules have an average diameter of 
375 /i and that of the lumina is 150 ft. At the periphery of the tubule, 
cemented to a basement membrane, is a layer of spermatogonia 
among which Sertoli cells are interspersed; these are very well 
developed in Tachyglossns and stretch from the basement membrane 
to the lumen of the tubule. They reveal no definite cell membranes 
and in keeping with the large amount of cytoplasm the nuclei are 
enormous oval bodies situated well away from the basement mem- 
brane. The spermatogonia are rounded cells and are confined to the 
basement membrane region but they divide and produce a number of 
cells which are pushed towards the lumen. After an unknown number 
of divisions a generation of spermatocytes is produced. This trans- 
formation of a spermatogonium to a primary spermatocyte involves 
the condensation of several spheres of chromatin in the nucleus into 
a single structureless ball of chromatin from which achromatic 
threads pass out to the nuclear membrane. This is followed by a stage 
in which fine threads of chromatin can be seen at the periphery of the 
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chromatin ball, and in the cytoplasm a mass of mitochondria 
accumulates at one pole of the nucleus. The mitochondria later 
become dispersed and the whole of the chromatin in the nucleus is 
organized into a mass of threads; this cell is now a primary sperma- 
tocyte and is in a condition ready to undergo meiosis. At the first 
stages of this process the whole spermatocyte increases in size and 
the chromatin threads of the nucleus conjugate side by side and then 
they segment to form recognizable chromosomes. The nuclear 
membrane disintegrates and these paired chromosomes arrange 
themselves into an equatorial ring and make contact wth fibres 
which converge distally to form the achromatic spindle. The meiotic 
division then takes place and two secondary spermatocytes are 
formed. The diploid number of chromosomes in Tachyghssus (see 
p. 141) is 62 -f 2X chromosomes in the female and 62 -j- IX in the 
male; there is no Y chromosome. Thus the secondary spermatocytes 
must contain 32 and 31 chromosomes respectively. According to 
Benda the secondary spermatocytes form separate daughter cells but 
electron microscope studies may show that cytokinesis is incomplete 
and that the cytoplasmic bridges thatexist between spermatocytes of 
other mammals may also exist in monotremes. 

Another "Reifungsteilung” takes place and the products of that 
division are the spherical spermatids. These are more numerous than 
any other type of cell found in the tubule and they are characterized 
by their small size, well-marked cellular membrane and a small 
spherical nucleus which contains a nucleolus. At the beginning of its 
transformation into a spermatozoon, the cytoplasm of the spermatid 
exhibits a small sphere of archiplasm and an associated body, the 
idiosome or Golgi apparatus. A vacuole soon appears in the centre 
of the archiplasm — in other mammals it has an cxccntric position. 
No acrosomal thickening is apparent in the wall of the archiplasma 
vacuole, but Benda feels that this is due to the deficiencies of fixation 
in his preparations. Next, a pad of mitochondria appears around the 
archiplasm and just below the cell membrane arc found the centro- 
somes. Usually these are two entities but Benda found only a single 
rod-like form which had a central constriction. At this stage of 
development a flagellum is present and it appears to arise from the 
distal part of the rod (see p. 136). The c>'toplasm at this stage of 
development contains another well-defined granule, the chromatoid 
body, which is about the size of the archiplasmaspherc and which 
takes up dyes that stain the nuclei. 
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The spermatids now become polarized so that the archiplasma 

nucleus commences to elongate rapidly, becomes cylindrical 
form and exhibits aggregation of the chromatin. „,a 5 ,ered 

The archiplasma vacuole now assumes a cup shape and « 
over the curved anterior end of the nucleus which ^ 

protrudes into the vacuole forming a cone-shaped plug, acrosom 
material is still not visible. 

The centrosome meanwhile has become segmented and it is no 
apparent that it consists of a ring-shaped body . 

posterior pole of the nucleus aud of two grana situated “ 

nucleus and the ring. The flagellum arises from the inost P°^*“ ^ 
the granules and passes through the centre of the 
to the exterior. With the further elongation of the ‘ 

centriole complex is displaced to the posterior end of the cell unt 
it comes to lie just beneath the cell membrane. 

During the process of elongation of the nucleus an 
structure, the manchette, appears at the hind end of the 
is a tubular structure which arises at the hind end of the nucie 
membrane and passes backwards so that it surrounds the centnoie 
complex and the origin of the flagellum. Shortly after it achieves l 
definitive form, the manchette is squashed into a rudiment by 
elongating nucleus. , 

During this development of the spermatids they become cemeni 
to the cytoplasm of the Sertoli cells at their distal ends so that 
clusters of spermatids project into the lumen of the tubule. Ben a 
noted that two separate generations of spermatids could be presen 
in the cytoplasm of the one Sertoli cell. 

Further development of the spermatid involves the transforma- 
tion of the archiplasma portion into an elongated spear-like structure. 
The chromatin condenses into a homogeneous mass that stains 
intensely and the whole nucleus acquires a vermiform appearand 
since it is thrown into 2-3 coU-Uke undulations. The bulk of t c 
cytoplasm is confined to the posterior end of the cell and it gradua y 
decreases in amount until the cell membrane approaches the nuclear 
membrane. 

In the definitive spermatozoon a mitochondrial sheath is fouo 
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around the anterior part of the flagellum as it is in other sperma- 
tozoa (Retzius, 1906; Benda, 1906); Benda could not follow its 
genesis but he suspects that its development is different from that in 
other mammals. A neck region free of mitochondrial sheath was not 
found in monotreme sperms and this finding has been confirmed by 
electron microscopy carried out by Mr. Leon Hughes, who has 
kindly allowed me to publish his results; these follow in the next 
subsection. 



Fio. 50. Dcruiith-c cpididymat spermatozoon of an aduU Taehyghssus a. 
acukauis, weight 4500 g. taken 4.4.66. (Hughes, unpubl.) 


Stnictiirc of the eptdidymal spermatozoon 

This is filirorm in shape and, in smear preparations from the 
epididymis, it measures 121 (. in total length; the morphology is 
illustrated in Fig. 50 and the dimensions of the various parts ot tlic 
spermatozoon arc given in Table 10. Tlie nueleus, which measures 
50-4 ,i, has the form of an elongated filamentous spiral of about three 
coils and is composed of a dense homogeneous matert.i gising a 
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positive reaction for deoxyribonucleic acid with the Feulgen re- 
agents. The nucleus tapers to a point rostrally and it is circular in 
cross-section throughout the entire length of the head (Fig. 51 (a)). 

During epididymal maturation of the sperm the scanty c>Toplasm 
of the spermatid has become a cytoplasmic bead, which undergoes a 
rostral migration along the nucleus as it does in the sperm of various 
marsupial species. 

Although its development could not be traced by Benda, an 
acrosome is present in the definitive spermatozoon ; it takes the form 

Table 10 

Echidna spermatozoon dimensions* 


Mean length /i i standard error 


Acrosome 

Nucleus 

Middle- 
piece 
and neck 

Main- 

piece 

End-piece 

Total 

fiagellum 

6-7±0-I7 

50-4i0-48 

60±0-I5 



70-7iI-8S 


Smear preparations of sperm were made as described by Hughes (1965). 
The Images of 30 sperm from a Heidenhain’s iron haemaioxylin preparation 
"ere projected by Xenon arc at a magnification of 1674 times. The spermatozoon 
outlines were traced and measured to the nearest 0'2 mm, using a curvimetre. 


Do. 31. Electron micrographs of sections lalen at >ariou5 Jev-els in 
cpididjTnal spermatozoa of Tac^yphssus a. aculeams. (a) Trans\ersc section 
of the head in the acrosomal region showing, from the centre outwards, 
the nucleus (N), perinuclear space (PN). inner acrosomal membrane (lAM). 
acrosomal material (AM), outer acrosomal membrane (OAM), and the 
cell membrane (CM). (Hughes unpubl.) x60,CXX). (b) Trans\rrsc section 
of post-acrosomal region of the head of the sperm showing nucleus (N'l, 
nuclear membrane (NM). and the cell membrane (CM). (Hughes unpubl.) 
X 60,000. (c) Transsersc section of sperm at the lc\tl of the middle piece 
showing the mitochondrial shcath(mitochondrialcTistac)MC,ax«l fibment 
complex consisting of central pair of fibrils (CF). and circle of nine 
doublets (D) near each of which is a peripheral fibril, cell membrane (CM). 
(Hughes, unpubl.) xfiO.OOO. (d) Transwrsc section of main piece of 
spermatozoon, showing central fibrils of axial filament complex (CD. 
cortical sheath (CS). and cell membrane (CM). Axial filament doublets 
are not accompanied by peripheral fibrils in this region. (Hughes, unpubl) 
>■60.000. (e) Oblique section of main-piece of sperm showing axial fila- 
ment complex (AD. spiral bands of the cortical sheath connected ana- 
stomoses (C3), and the cell membrane. (Hughes, unpubl.) fC.OOO. 
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of a cap whicli in cross-section appears as a ring of uniform thickness 
surrounding the nucleus. The acrosome covers the anterior 6-7 ft of 
the length of the nucleus. The acrosomal material is homogeneous 
and stains with fast-green in Feulgen fast-green preparations; it is 
bounded by an inner and outer membrane. A perinuclear space 
between the nucleus and the acrosome is evident but a nuclear 
membrane in the acrosomal region is not detectable (Fig. 51 (b)). 

The posterior end of the head bears a notch into which is inserted 
the flagellum. Not enough material was available to make out the 
ultrastructure of this region, which is called the neck, but it is ap- 
parent that mitochondra are applied to the base of the nucleus 
and that they surround the neck, the rostral portion of which 
contains centriole derivatives while the posterior part gives rise to 
the axial filament complex. Posterior to the neck is the middle- 
piea, the mitochondrial sheath of which has a spiral configuration; 
the structure of the mitochondria is the same as that in other mam- 
malian spermatozoa (Fig. 51(c)). The posterior limit of the middle- 
piece is marked by the ring centriole. The axial filament complex 
passes through the centre of the middle-piece and is made up of a 
central pair of microtubules surrounded by nine pairs of micro- 
tubules, the latter being equidistant from the central pair of fibrils 
and from each other (Fig. 51 (c)). Each of the nine pairs of micro- 
tubules has at its peripheral, radial, aspect a small fibril, which are 
all of the same size. The mitochondrial sheath of the middle-piece is 
surrounded by the cell membrane which is the limiting membrane of 
the whole spermatozoon. 

The main-piece of the sperm is circular in cross-section, measures 
59*9/1 in length, and tapers poslerially. The axial filament complex in 
this region is like that in the middle-piece with the exception that the 
peripheral fibril, associated with each pair of microtubules, was not 
delected here (Fig. 51 (d)). The axial filament complex of the main' 
piece is surrounded by a Spirally wound cortical sheath. These spirally 
wound bands branch and form anastomoses at frequent intcr>’als 
(Fig. 51 (c)). Lateral thickenings of the tail sheath were not evident. 

The filiform structure of the echidna and platypus spermatozoon 
resembles that of many sauropsid species and for that reason it 
might be said that the monotreme sperm is reptilian in character, 
but Franzen (1956) points out that the filiform sperm is found in 
individuals of many invertebrate phyla while other members of the 
same phjla possess considerably less difTcrentiated sperm. Apart from 
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the elongations of the head and from the presence of mitochondria 
overlying the neck region, the structure of the echidna sperm bears a 
greater resemblance to eutherian sperm than it does, for example, to 
the marsupial spermatozoa described by Hughes (1965). 


The number and structure of the spermatogonial and somatic 
chromosomes 

Van Brink (1959) has compared the morphology of the chroino- 
somes in reptiles and birds with that in one specimen of Tac i; - 
glossus aculeatus aculeatus. This was a male and spermatogonial 
chromosomes at mitosis were studied. In four mitotic figures t e 
numbers of chromosomes counted were 62, 64, 63, and 63 
tively. From these observations it was tentatively advanced that the 
male sex is heterogaraetic, one of the larger chromosomes eing 
nominated as an X chromosome. It could not be ^ 

material available whether the heterogamety was of the XO or ai 
type. The morphology of the autosomes is extremely 
since there are all gradations from macrosomal down to microso 
chromosomes without clear demarcation of where f 

comes “micro”. Microchromosomes have not yet been e ec e 
other mammals but the chromosome complements of auropsi 


contain many such elements. . j r 

Bickand Jackson (1967) have carried out a detailed study ol t 
chromosomes in both sexes of T. a. setosus, using the tec nique 
tissue culture of leucocytes and of testis squash; their results su - 
staniiate van Brink’s tentative claim that the male sex is S ‘ 

mctic. Their idiograms (Fig. 52(a) and (b)) show unequivocally that 
the heterogamety is of the XO type; a condition that is “n“I“= J 

mammals studied so far. Bick and Jackson, ho\\e\er, oun 
chromosome nominated by van Brink as the X chromosome 

ofa pair oflarge autosomes which arc all acrocentric in aciyg 

In the females, however, there is a pair of large metacentric c 
somes and in the males one such metacentric chromosome. 


they designate the X chromosome. 

Echidnas exhibit again that admixture ofrcplihan an ma 

characters (with an individual Tachyghssus flavour) J . . 
chromosomes: microsomal chromosomes 

but unlike the reptilian complement, differentiated c . 

arc detectable; heterogamety of the male as in ot icr ma 
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not in the female as in Sauropsida Aves; unique hclerogamety of the 
XO type as against the XY type found in other mammals. 

THE FEMALE SEXUAL ORGANS 
These consist of two large thin-walled infundibular funnels which 
enclose the paired ovaries attached to the antero-ventral faces of t e 
kidneys by a fold of peritoneum. The funnels are the distally ex- 



Fig. 53. Tachyglossus a. aculeatus. Dissection of female urogenital organs. 
After Jones (1923). 

panded ends of the oviducts each of which consist of a relatively 
thin-walled anterior part, the Fallopian tube, often described as 
convoluted, but a drawing of a mature urogenital system by Wood 
Jones (Fig. 53) shows no sign of this. Possibly after a series of preg- 
nancies the oviduct becomes convoluted. The lower or posterior ends 
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of the oviducts are differentiated to form uteri; these communicate 
v-ith a long median unpaired urogenital sinus at the leve o t e 
entrance of the ureters and of the neck of the bladder which depends 
from the ventral surface of the urogenital sinus. The latter opens in o 
the cloaca, thus eggs, urine, and faeces pass out through t e one 
cloacal sphincter. This urogenital system is fundamentally t e same 
as that in marsupials save that during ontogeny the lower en s o 
the Mullerian ducts, at a point anterior to their union ® 

urogenital sinus, develop two ingrowths which ultimately uni e in 
the mid-line to form that marsupial oddity, the median vagin 
(Buchanan and Fraser, 1918). 


Oogenesis 

Prior to the publication of Flynn and Hill s paper 
mation about oogenesis in monotreraes was fragmentary. 

(1884) had described the existence of a vitelline membrane around tne 
oocyte and Caldwell (1887) made observations of 
importance concerning the follicular epithelium surroun 
mature oocyte. Caldwell, of course, shares the honour m ^ 

(1885) of the discovery that monotremes on 

informing by telegram a meeting of the P^bsh . 

September 2, 1884, that Ornithorhynclnis and 
parous and Haacke demonstrated the pouch ogS ® * 1 ,^ Australia 
aciileatiis muliiacukatus to the Royal Society o ou 
also on September 2, 1884. rfi,^ ^.v^rv was 

As far as Zaglossus is concerned, one study on y o 
published after it was known that monotremes uere o Wynnes 

^vas Kolmer’s (1925) on the ovary of 
vcre of the sal size but the largest follicles d.d 

in diameter and oogonia were not detectable. He no . . ^nd 

in the cytoplasm of the oocytes, of 

protein granules and that the arrangement > . and 

scmbled those of reptilian eggs. This animal was nevertheless it 
had been separated from males for at least 10 yea , 

was lactating (p. 184). . nmUhorhvnchtis but both 

Only the left ovary is functional . they arc in 

ovaries in Tachyghsstis are capable of producing g . • ^ 

Zogfojsiii. presumably, but generally “"’f “ n comprehensive 

(Flynn and Hill. 1939). These authors have given a eo r 



146 


ECHIDNAS 


account of oogenesis in Tachyglossus and I have drawn on 
that work for the following description of oogenesis and fertilization. 

The ovary is roughly oval in shape and is covered on its outer 
surface by spherical swellings of different sizes — the developing 
follicles. The average dimensions of the ovaries are 13*6 X 9*1 mm. 
The germinal epithelium may be quite thin in places being made up 
of flattened cells but the structure varies from this condition, through 
cuboidal, to a high columnar epithelium, which may be thrown into 
folds. Clear spherical cells 0-02-0*023 mm in diameter are found in 
the cuboidal epithelium. These arc apparently oogonia but Flynn 
and Hill could detect no transitory stages between these and small 
oocytes 0*CW2-0*06 mm In diameter already enclosed by a thin 
flattened follicular epithelium. Gatenby (1922) failed to find oogonia 
in the adult and adolescent ovary of the platypus, so he concluded 
that the maturation prophase stages must have taken place before 
adolescence. Flynn and Hill are inclined to think that something of 
this nature occurs in Tachyglossus, 

Flynn and Hill recognize three stages in the development of 
oocytes; these are as follow: at the first phase of development the 
oocytes range in diameter from 0 *06 to 0 • 1 5 mm in diameter and they 
are found in the cortical zones of the ovary just below the germinal 
epithelium. The nucleus is eccentric in position and lies close below 
what will become the upper pole of the egg. Within the nuclear 
membrane is a loose reticulum in the strands of which are dispersed 
many fine granules; a large body, presumably a nucleolus, is found 
associated with numbers of smaller nucleoli. The zona pellucida at 
this stage takes the form of a homogeneous membrane, lying just 
below the follicular epithelium, which consists of a single layer of 
cuboidal cells with large spherical oval nuclei. Immediately below the 
zona is a thin striate layer of material and beneath this striate layer 
and separating it from the cytoplasm below is the egg membrane. 

At the second phase of the growth of the oocytes they achieve a 
size of 0-2-0 -5 mm in diameter. In this cell the fat droplets are 
organized into a definite cortical fatty zone; yolk-sphere primordia 
appear among these fatty droplets and their subsequent multiplica- 
tion is at the expense of the fat globules. The zona pellucida has 
greatly increased in thickness. 

The third phase of oogenesis embraces the growth of the oocyte of 
0-6 mm diameter to the full grown oot^e 3-9 mm in diameter. At 
the early phases of this stage of development the oocyte exhibits a 
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peripheral layer of cytoplasm wlrich is thickene m ^ 

immediately above the nucleus. The latter has by ^ thiVker 

definitive position at the upper pole of the oocyte an ^ . 

layer of cytoplasm is the piimordium of the germma isc. 

the peripheral layer of cytoplasm is a yolk-sphere layer an c 

this is a medullary zone which contains finely alveolar 

yolk-sphere primordia. This medullary zone has a y 

of vacuolated cytoplasm — ^the primordium of the la e ra y 

and from this a column of cytoplasm of similar stjuc ur 

towards the nucleus. This tract is the primordium o t e 

latebra. As Semon (1894c) recognized, the r 

same form and relations as that in the sauropsi an ^ 

completed form it has a club-shaped body. centraUy si u ’ _ 

thin stalk which runs up in the egg axis to termma ^ 

shaped plug of yolk which underlies the germinal disc ^ 

By the time the oocyte is about 1 mm in diameter ^ 

cells of the follicular epithelium have changed into 
and the zona pellucida appears as a homogeneous ay j^tn-hable 
is the striate zone and the egg membrane which is by no 

In the final phases of oogenesis the body of the 
central core of vacuolated cytoplasm which contains ^ Flynn 

granular spheres which later become basophil. iy of fine 

and Hill these granular spheres are the main source o 
yolk spheres in the latebral yolk zone. primitive- 

The latebra persists in the uterine egg up tnnsference of 

streak stage but it is not certain that there is stage- 

fine-grained yolk up to the latebra! neck to the yo section 

The nucleus during the third stage of °°Scncsis 
as a plano-convex body, the upper surface o w radial 

contact with the disc cytoplasm (which is internally 

symmetry) while the convex surface rests on t e y . minute 

the nudeis exhibits a meshwork of linin 'h^ds bearing 

granules of chromatin, and a large number o full-grown 

The zona pellucida and the egg membrane of the 
oo^te arc extremely thin. full-grown oocyte of 

The follicular epithelium surrounding * . . than at 

3*96 mm aNcrage diameter is better develop epithelium two 

any of the preceding stages; it now' consis * ^ granules, 

cells deep throughout. Its constituent cells contai 
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Follicular 

Zona pellucida epithelium 



Fig. 54. Section of oocyte 0'65 x 0*60 mm tn diameter, of Tachyghssus 
a. setosus. After Flynn and Hill (1939). Reproduced by permission of the 
Zoological Society of London. 


the precursors of the follicular fluid, which forms a continuous layer 
surrounding the oocyte at the time of maturation. Caldwell (1887), 
who discovered this secretion, thought that it was associated with 
the formation of albumen when the egg had passed into the 
Fallopian tube. However, C. J. Hill (1933) concluded that the 
albumen layer around the egg is formed by the granular secretion of 
the cells lining the upper two-thirds of the Fallopian tube. Flynn and 
Hill, however, regard Caldwell’s discovery of singular importance 
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since in their opinion the secretion is the homologue of the liquor 
folliculi of the Graafian follicle of other mammals and that the 
monotreme follicle is fundamentally different from that of Saurop- 

sida which lack follicular fluid. _ 

After growth of the oocyte is complete maturation takes place. 
This involves the formation of the first maturation spindle at the 
centre of the germinal disc; the spindles taking up a pos'ho" P^''" 
pendicular to the disc surface. After division the first polar bo y, one 
of the products of that division, is given off in the ovary. After this 
division a second maturation spindle is formed and the germina isc 
begins to acquire its definitive elongated form. The ovum is now shed 
into the funnel (infundibulum) which completely envelopes the ova^. 

The funnel contains a viscid fluid which facilitates the passage of the 

egg into the Fallopian tube; here the egg is fertilized, coated with a 
layer of albumen outside which a very thin shell • 

Whether fertilization takes place before or after the albuin 
laid down is not known, but Flynn and Hill commonly 
embedded in that layer. C. J. Hill (1933, 1941) ^=>5 descr bed n 
detail the formation of the infundibular secretion and of the a bumen 
layers and she finds that the infundibulum is lined ^ 

of columnar epithelium containing cells of Hyo types; ciliated non 
secretory and non-ciliated secretory cells. The latter fonn a clea 

fluid which is shed into the funnel just °vulat.on The funnel 

leads into the Fallopian tube proper which is lined by “ 
epithelium; the cells of that epithelium elaborate ‘''= 

0 ? the egg. The albumen is laid down in two ,het^^ 

ferent levtls in the Fallopian tube. In the “PP" 

the epithelium secretes a ^ isTecreted and laid down 

in the loiver third a fluid type o^ 

over the dense layer In ,his 

secretion is elaborated y believes that this secretion is 

region of the Fallopian tube. C. I. nu> y „r ihe shell 

concerned with the formation of the ^ 

Between the Iomtc P"''™, ^re numerous and in.er- 
is a junctional ^ , ,i,e uterine segment proper, tubal 

glands are f .^„d non.cmated cells take their place. 

columnar epithelium of cUia aclirities will be dis- 

The non^riliatcd cells are secreioij 
cussed later. 
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It is commonly believed that the processes of oogenesis, describe: 
above, are found only in Sauropsida and the Prototheria, this is no.. 
so since the formation of the egg in Didelphys virginiana (McCrady, 
1938) exhibits some remarkable similarities to that of Tachyglossus. 
McCrady finds that fertilization of the egg of Didelphys takes place 
at the extreme upper end of the oviduct and the egg then commences 
to pass down the Fallopian tube. During this passage, coowentric 
layers of albumen are deposited on the zona pellucida; the a umen 
sometimes trapping spermatozoa as it does in the Tachyglossus eg^. 
The albumen finally forms a layer some 0-25 ram thick before i 
passes to the uterus. Just before it does so, a shell mem rane is 
secreted upon the surface of the albumen by the shell glan s oun 
the lower part of the oviduct. In the uterus the diameter of the egg 
including ovum, albumen, and shell, is about 0-6 mm. As m the case 
with the uterine egg of Tachyglossus the shell is flexible an it 
with th= growth of the embryo. The shell persists 
development and during a major part of that time the vesicles 
float freely in a nutritive fluid secreted by uterine glands which 
become prominent at the sixth day of pregnancy. 

Shell membranes and albumen layers are also oun 
«ggs of Australian marsupials but in no instance , 

layer approach the thickness of that in the egg o t 
Caldwell, 1887: Hill, 1910; Sharman, 1961). Accord.ng to C. J. H.II 
(1933) the shell of the marsupial egg is equivalent to 
of the monotreme egg shell. Tachyslossiisx the second 

To return to the fertilization of second maturation 

polar body has been “ near the centre of the germinal 

division and both polar bodies ap^ penetration 

disc which, of course, contains about I mm 

byasp=rmtheo'pronucl-scon,«.^'- 


oy a sperm the o pronuvicu. jijj, ^.o polar bodies migrate 
“way from the ? margin of the disc. The first polar 

and take up a position at 1 c descended to the 

body remains undivided. 


uterus. nroacli oncanothcr (Fig. 55) and become 

The two pronuclei now apP^ divided at the equator 

applied forming an “’"’'’“mbranc; a short time later, however, it is 
(Fig. 56) by the limiting m' ^^mbrane between the tsvo pronuclei, 
"ot possible to detect „hich precedes formation of the 

This is the process of conj 
first cleavage spindle- 
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c^"Ht(19«^found^tauLtubal glands showed sig^^ 

aetivily a, this time and she coneludes that the tubal gland 


o Prohucleus 



c/ 

Fig. 56. The two pronuclei superimposed on one another. Conjugation 
is now almost complete. (Flynn and Hill, 1939.) (Reproduced by P^~ 
mission of the Zoological Soaety of London.) x 1921. 

secretion is responsible for the formation of the basal membrane of 
the shell. As the egg passes through the junctional region a secon 
layer is formed, probably from the secretions of the tubal and uterine 
glands of this region, and at the same time the egg grows and in- 
creases in diameter. The second layer exhibits a differentiation into a 
matrix substance in which radially arranged rod-like bodies arc 
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formed. By the time the egg is 10 mm in diameter the rodlets have 
increased greatly in length at the expense of the secretion in the tubal 
and uterine gland cells. The egg passes to the body of the uterus 
where uterine glands only are found. These give rise to a nutritive 
fluid, which the egg absorbs and as a result it grows and attains the 
full size of 14-15 mm diameter. As the egg grows the basal layer 
expands, the rodlets become separated, and the spaces between them 
become filled with a clear matrix. 

The processes of secretion of the nutritive fluid are not known in 
echidnas, but they have been described in the platypus by C. J. Hill 
(1933, 1941). The secretion formed in the superficial and middle parts 
of the uterine glands is finely granular and as it is formed it is passed 
to the apices of the cells, forcing them to project into the lumina of 
the glands. 

These projections and their contained secretion arc cut off as 
small vesicles. Eventually the granules in these vesicles liquify and 
the fluid passes through the enclosing cytoplasmic co\ering into 
the lumen of the uterus where it is absorbed by the growing egg. 

After the shedding of the two secretions— the first concerned with 
the formation of the rodlct layer, the second with the nutritive 
fluid— a third secretion is produced by cells in the uterine glands 
when the glandular precursors of the nutritive fluid are in process of 
being shed. This third secretion is coareely granular and the glands 
reach the height of activity when the egg has attained its full size. 
This secretion is the precursor of the massive protective layer of the 
shell, the laying down of which is completed only when the egg has 
reached its full size. 

The structure of the shell of the newly laid egg of Tachyglosstis has 
been described by Caldwell (1887), Semon (1894c), and J. P. Hill 
(1933). The latter description is the more detailed of the three and the 
facts arc as follow: the shell of the pouch egg resembles the in- 
trauterine egg of Oniithorhynchus which lays its eggs into a nest. 
In Tacliyshssjis the basal layer is 0*0016 mm thick and peripheral to 
this is the rodlct l,a>cr 0*01-0*012 mm thick. Outside both these 
layers is a third which forms the greater part of the thickness of the 
shell. Two zones can be delected in this layer: the inner immediately 
outside the rodlct laser consists of coarse granules of irregular form 
and size between which numerous spaces arc found, and an outer 
formed of still larger and more irregular granules. Pore canals in the 
form of irregular clefi-like passages arc found stretching from the 
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inner zone to open on the surface. These surface pores are small and 
are not very numerous. 

The processes of cleavage, following fusion of the pronuclei, and 
their relation to the growth of the egg and to the formation of the 
shell, will be described in Chapter 8. 


THE BREEDING SEASON 

Semon (1894a) records that T. a. acukatus or perhaps acanihion 
begins to breed, in the Burnett River district of Queensland, at the 
end of July — no intra-uterine eggs being found before the 23rd July, 
and Caldwell (1887) found intra-uterine stages during July and 
August. Before this, however, Haacke (1885) found an egg on 
August 25, 1894, in the pouch of a Kangaroo Island echidna (Tl a. 
miltiactileatus) which had been taken to Adelaide on August 3. As far 
as r. a. actileatus is concerned. Broom (1895) observed an egg in the 
pouch of one specimen laid about October 2 and Griffiths (1965b) 
obtained a pouch young about 200 g in weight on November 11. 
However, the most detailed information on the breeding season of 
echidnas has been published by Flynn and Hill (1939)who worked on 
T. a. seiosus. This breeding season lasts from June 29 (one record 
only of a fertilized egg in utero) to September 4 (the latest date of 
the year of which they had any record of an intra-uterine egg). They 
found that most of the females caught in August contained uterine 
eggs. Flynn and Hill appear to hold the world’s record for echidna- 
egg collecting; they insoucianlly remark: 

It is of some interest to note that there is no \ery great agreement bettveen 
eggs collected on the same day as regards their degree of dcNelopment. On 
August 15th, 1930, for example. 14 eggs were obtained ranging from an 
egg with an unsegmented disc, just fertilized, to two eggs measuring 14’ 60 x 
14’00 and I5'00 x 14-10 mm respectively, the former containing a flat 
embrjo with 11 pairs of somites and the latter an abnormal embryo. 

From all these observations it appears that the breeding season of 
T. aciileaitis in the eastern and south-eastern parts of Australia lasts 
from the end of June to early September. S. J. J. Davies (pers. cotnm.) 
mentions that he found an echidna with a pouch young (5 cm in 
length) in August at Milcura, Western Australia, which suggests that 
the breeding season may be at the same lime of the year as that of the 
eastern subspecies. 

Collett (1885) took an echidna with an engorged udder, but no 
pouch, in March and from this he infers that the breeding season 
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commences in March; however, in all probability (see p. 203) 
Colettes echidna had just weaned and abandoned its young one. 

Copulation in wild echidnas has been recorded twice in the litera- 
ture: Broom (1895) received a pair of echidnas taken in copulation 
on September 4. He kept the pair together in a box; he states, 
however, that the male refused to eat, took no interest in the female, 
and died on the 14th day of confinement. The female, however, 
developed a pouch which was evident 26 days after copulation, and 
on the 28th day after, an egg was found in the pouch. From this 
equivocal evidence it is surmised that the gestation period is about 
27 days. The other copulation observed was described by Burrell 
(1927) on hearsay evidence, but the date of occurrence is not given. 

Dobroruka (1960) has described copulation in echidnas kept in 
Prague Zoo. Apparently it takes place venter to venter with head to 
head or wth heads pointing in opposite directions and only the 
cloacal apertures in contact. Unfortunately no egg was laid following 
that copulation. 



CHAPTER 8 


EMBRYOLOGY 

EARLY CLEAVAGE STAGES 
When the egg arrives in the uterus, conjugation of the nuclei 
occurs and the egg is now ready to undergo cleavage. 

Caldwell (1884, 1887) showed that this process in the egg of 
Tachyglossus is ineroblastic, the first cleavage furrow dividing the 
germinal disc into a larger and a smaller area. The second furrow is 
laid down at right-angles to the first so that the 4-celIed stage is made 
up of two large and two small blastomeres lying on top of the yolk. 
Flynn and Hill (1939) failed to find a 2-ceIl stage but they found the 
4-^11 stage to be as Caldwell described it (Fig. 57). These prospective 
blastomeres are not yet separate cells since they are not delimited 
from the cjlcplasm of the egg lying below (Fig. 58). The blastodisc 
forms an area which is roughly circular in outline with a diameter of 
about 0*45 mm. 

This 4-celled stage passes through an 8- to 16-blastomere stage 
containing 32 nuclei since division of the original 16 nuclei has taken 
place while the blastomeres have not yet divided. The dimensions of 
the blastodisc are now 0-72 x 0*62 mm and it consists of two sets 
of blastomeres — a peripheral set of large marginal blastomeres open 
to the surrounding yolk and to that lying below the disc, and an 
inner group of smaller central blastomeres delimited on all sides 
except below where they are open to the yoJk. This differentiation 
persists in the 32-blastomere stage and it is similar to the differentia- 
tion of the blastomeres found in the eggs of Sauropsida (Fig. 59). 

As cleavage proceeds the marginal blastomeres lose their dis- 
tinctive character and the blastodiscs of successive stages, as a result 
of active mitotic divisions in various planes, become more than one 
cell thick and eventually a circular biconvex blastodisc is formed. At 
this stage of its development the blastodisc is about 4 cells deep 
centrally and thins out peripherally to one cell. The constituent cells 
now have limiting membranes and are separated from the yolk, in 
1S6 
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fact the whole blastodisc is marked off from the yolk bed by a thin 
yolk membrane. Meanwhile, in the marginal zone of the yolk bed 
around the periphery of the biconvex blastodisc a large number of 
free cells have appeared; these have the ability to migrate through the 
cytoplasm of the egg and are called vitellocytes by Flynn and Hill 



Fro. 57. Early clca>-agc, 4-ocncd stage looking dow-n on the surface of 
the blastodisc (Flynn and Hill, 1939). (Reproduced by permission of the 
Zoological Society of London.) x74. 


(1947). They arc formed by the division of the marginal cells of the 
disc and it is here at the margin of the disc that mostofthcsitcllo- 
c>tes are found, situated superficially close below the shell mem- 
brane. However, some arc found just below the margin of the blasto- 
disc while others take up positions below the yolk membrane outside 
the disc peripherj'. All the > itcllocy’tcs multiply and undergo a trans- 
formation into acti\ c cells with long pseudopodia-like processes. 







Blastomere in central 
area of blastodisc 
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Zoological Society of London.) x 184. 
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The cells of the blastodisc continue to multiply and form a body 
that has a ragged irregular contour owng to the presence of out- 
growths of groups of cells (Fig. 60). This figure shows a surface view 
of an ovum 4-7 mm in diameter in which the number of superficial 
cells present in the disc is about 220. The cells in the central region are 
closely arranged, uniform in size, and form a layer 5-6 cells deep. 



Fig. 60. Surface view of blastodisc of ovum 4-7 mm in diameter. The 
ragged edge is formed of vitcUocytes. (Flynn and Hill, 1947.) (Reproduced 
by permission of the Zoological Society of London.) x 14- 6. 

FORMATION OF THE UNILAMINAR 
BLASTODERM 

The stage just described precedes a very important development in 
the conversion of the blastodisc into a blastoderm surrounded by an 
entity called the germ ring. This is formed by the linking together of 
the vitcUocytes, both peripheral and submarginal, to form a smooth 
syncytial ring around the blastodisc. In Fig. 61 about half the circum- 
ference of the blastodisc is seen to have a smooth outline formed by 
the fusing vitellocytes, while the other half is still ragged in outline. 

The blastodisc is about 6 cells deep (Fig. 62) and in section sub- 
marginal vitellocytes can be seen. These will migrate to the periphery 
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and fuse with the marginal vitellocytes forming the germinal ring. 
In this way the germ ring either abuts onto the outer ends of the 
blastomeres at the periphery of the disc or it may extend inwards 
below them for a short distance. 



Fig. 61. Surface \icw of blasiodisc of ovum 4*4 mm in diameter. The 
periphery is becoming regular in outline since the vnicIloc>tes arc fusing 
to form the germinal ring. (Flynn and Hill, 1947.) (Rcpr^uced by per- 
mission of the Zoological Society of London.) 90 

From this lime onwards the germ ring commences to grow out- 
wards over the surface of the ovum and at the same time the blasto- 
disc docs likewise, the thickness of the disc decreasing so ih.Tl it 
passes through a 4-3- and a 2-3-ccncd phase. The outcome of this 
is the metamorphosis of a thick disc into a thin blastoderm con- 
sisting of a superficial layer and a deeper central layer 2-3 cells thick, 
these cells being loosely dispersed. * 11)0 latter finally crowd into the 
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Submorqinat vifelfocytes*^ Yolk membrane 

Fia. <52. Section Ihrough the disc shown in Pig. 61 (Rynn nnd Hill, 1917), O^eproduced by permission of (he Zoological 
Society of London.! X362. 
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superficial layer which continues to follow the growth of the germ 
ring around the spherical ovum* 

Quite early in the development of the blastoderm, before it is 
truly unilaminar, prospective ectoderm and endoderm cells can be 
detected. Of the two the prospective ectoderm cells are the more 
numerous. They are relatively large and their c>1oplasm is vacuolated 
while the prospective endoderm cells are small with small deeply 
staining nuclei and non-vacuolated cytoplasm. 

The unilaminar-blastoderm stage of monotreme development was 
discovered by Semon (1894c), but his obsession with the notion that 
the primary germ layers must be laid down by activity at a blastopore 
led to erroneous interpretations. Some of those misconceptions were 



Fio. 63. Unilaminar blastodermic membrane, diameter of o\um 4*4 x 
4’26 mm, diameter of blastoderm about 3 mm. After FI>Tin and Hill (1947). 
(Reproduced by permission of the Zoological Society of London.) x447. 


corrected by Wilson and Hill (1907), but they in turn clouded the issue 
by mistaking the yolk navel (see p. 164) for the primiltsc knot. This 
error in interpretation was admitted and corrected (Wilson and Hill, 
1915) and Hynn and Hill (1947) with a magnificent supply of 
cmbrj'os at their disposal have confirmed Semon's original findings 
and given a dcfinitiNc account of the formation of the germ layers. 
The first step in the dirTcrentiation of those layers is the formation of 
the unilaminar blastoderm, an arrangement that ensures that all the 
prospective ectoderm cells arc in their positions at the surface of the 
blastocyst (Fig. 63). 

The germ ring and the unilaminar blastoderm continue to grow 
over the yolk. IJy the time the circumferenlial measurement of the 
blastoderm is 7-0 mm and that of the uncoscred lovser pole is about 
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3-0 mm, many of the prospective cndoderm cells exhibit pseudo- 
podia! processes whereas the prospective ectoderm cells are spindle- 
shaped and thin. 

FORMATION OF THE BILAMINAR 
BLASTODERM 

When the circumferential diameter of the blastoderm is 9*5 mm 
and that of the lower pole is about 2-0 mm, the prospective endoderm 
cells begin to form anastomotic connections with one another and to 
show signs of amoeboid movement. Soon after they start to migrate 
inwards from the superficial layer of the blastoderm and by the time 
it has almost completely covered the yolk leasing a small area 
0-56 X 0-43 mm uncovered, the endoderm cells have formed a 
network the interstices of which become filled in with cells derived by 
mitotic division of the cells of the network. In this way a complete 
layer of endoderm cells is formed beneath the ectoderm and the 
unilaminar blastoderm is converted to a bilaminar vesicle. 

With establishment of the endoderm its constituent cells commence 
to ingest yolk granules and are thus converted into genuine yolk 
endoderm. The ectoderm is composed of large flattened spindle- 
shaped cells with oval, flattened, nuclei. 

The remaining small area of the yolk is covered by blastoderm and 
at the point of closure a scar-like thickening of the yolk navel is 
formed. This structure is very like the yolk navels of the eggs of 
sauropsidan reptiles. The structure of the bilaminar vesicle and the 
yolk navel are shown in Fig. 64. 

The complete enclosure of the yolk converts the egg into a poten- 
tial vesicle or blasiocj’st which is capable of increasing in size by 
cellular division. In this way the necessary space for the development 
of the embryo and for storing the nutritive fluid secreted by uterine 
glands is achieved. The fluid provides the nutrition of the embryo 
during the remainder of the intra-utcrine period since the yolk 
gradually liquefies and is used up. This stored uterine fluid also 
provides the nutriment for the incubatory period. 

The whole egg is 5-7 mm in diameter when the yolk navel is 
established. Up to this stage there has been no sign of formation of 
an embryo, but now, at the opposite pole to the yolk navel, a longi- 
tudinal thickening in the ectoderm appears; this is the primitive 
streak which at this stage is 0-6-1 -26 mm long. 
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Information on the embryology of echidnas past this level of 
development is fragmentary and consists of occasional remarks here 
and there by C. J. Hill (1933) and Flynn and Hill (1939, 1947) on the 
presence of primitive streaks and somites. When the egg is 7-8 mm 
in diameter the primitive streak is 4 mm long, and by the time the 
egg is 11*5 mm in diameter an embryo with 3-4 pairs of somites has 
been achieved. 


Yolk 



Fjo. 64. Section through the bilaminar b!astoc>-5t at the yolk na\cl. Note 
basal and rodlci la>crs of the shell membrane. The ovum from which this 
section was made was 5*7 mm in diameter and a primitive streak primor* 
dium 0*6 mm long was present. After Flynn and Hill (1947;. (Reproduced 
by permission of the Zoological Society of London.) x 174. 

The egg shell stays at a 2-laycr level of organization (basal — 
rodlci) from the 4-ccIl stage until the egg is lO-I I -8 mm in diameter. 
Tltc role of infiltration of uterine fluid and the rate of growth from 
the 5*7 mm to the 1 1 *8 mm diameter stage arc assumed to be very 
rapid since Flynn and Hill founds cry few eggs between 6 and 14 mm 
in diameter. During this period of rapid growth the blastocj’sl comes 
into intimate association with the uterine wall, as it docs in Diddphys 
virsiniana (McCrady, 1938), a circumstance that no doubt facilitates 
the passage of nutritive fluid from the uterus to the interior of the 
blastocj-st. 

When the egg has achieved a diameter of U -S mm the third layer 
(granular) of the shell is laid down but the egg increases in sire until 
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epRS and stages 46-53 svhich s«re all P°“='’,)''’“'’S- Senion dealt 

only Mith external features, which arc bcautirully ' ™ 

his many colleagues has e contrihuted ^ous «gan 

Forsch,nssrmc„ in AuMallm of the development “f 

systems, the more interesting of whieh arc dealt w.th elsenhere 

Stage 40 is an cmhryo about 7 mm long, with blunt 
buds and remarkably prominent pharyngeal pouches. 
number about 39 pairs and there is a well-developed 
43 the gill pouches are by now incorporated into the ^ , 

are still lobate but the anterior pair are larger than 
the tail is relatively larger than in stage 40, At stap A4 ° 
are pentadactyl, the tail is undergoing a reduction in size and 
limbs are still in limb-bud condition. At stages 43 and 44, 
of that most interesting structure, the egg-tooth, 

1899). At first it has the form of a median conical papilla which 
from the snout region of the head and projects downwpd 
oral opening. It consists of a downgrowth of the head mes . 
which carries the overlying epidermis before it to form its ex 
covering. At stage 44 it is longer and portion of the epidermis s 
differentiation of its cells to form an enamel organ. From the exte 
inwards the tooth consists of the following layers : an external bu 
epithelium, an enamel epithelium of columnar cells, a basemc 
membrane, and a layer of odontoblasts — derivatives of the 
dermal core which forms the dental pulp of the tooth. Above 
egg-tooth a median mesenchymal condensation appears ^ 

distinguishable into a middle portion and t\vo lateral wings, t es 
form the lateral portions of the premaxillae. The basal portion ° 
mesenchyme of the tooth likewise forms bone which unites >vitb 
of the median part of the premaxilla, thus the tooth 
solid foundation. By stage 45, according to Seydel (1899) and H 
and de Beer (1949), the tooth has a sharp point and is invested 'Vi 
solid enamel while the dental pulp, rich in capillaries, is enclosed j 
the bone forming the attachment to the premaxilla. This stage ju 


precedes hatching. 

Semon (1894c) had the good fortune to take an echidna carryidS 
a newly hatched pouch young; it was considered to be just bom 
because the drying remnants of the foetal membranes were st 
adherent to the navel. This little animal (stage 46) was about I ‘ 
cm long, the forelimbs were well developed, the hind limbs, however, 
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were still at the bud stage, exhibiting slight indications of digits. 
The snout region was compressed and showed no sign of its capacity 
to develop into an elongated beak. According to Seydel, and Hill and 
de Beer, recently hatched echidnas still exhibit the egg-tooth but 
Semon’s illustration of stage 46 shows no sign of it (Fig. 65a). 

Semon (1894b) has described the foetal membranes of echidna 
embryos in pouch eggs at stages 42, 43, and 45. The embryo lies 
between the large vascular yolk sac which occupies the whole of the 
space inside the egg on the left side of the embryo while the 
space to the right of the embryo Is occupied by the equally large 
allantois. 

The extra embryonic mesoderm and the coelomic cavity associated 
with it is found between the ectoderm and endoderm of the bilaminar 
blastocyst so that the embryo, amnion, allantois, and yolk sac come 
to be completely surrounded by the upwards as well as downwards 
growth of a layer composed of somatic mesoderm and ectoderm — 
the serosa. At the same time the yolk sac comes to be covered in its 
entirety by a mesodermal layer in the form of splanchnopleure and, 
where the mesoderm + endoderm of the sac comes into contact with 
the serosal membrane, in the form of omphaloplcure. Since the 
latter consists of endoderm, mesoderm, and ectoderm it is termed 
trilaminar omphalopleurc. Similarly, the allantois during its growth 
outwards pushes the splanchnic mesodermal layer outwards until it 
meets the serosa. Here a fusion of the layers occurs to form the 
chorion.* Both the yolk sac and the allantois arise from stalks 
dependent from the underside of the embryo, as they generally do 
in amniotes. The arterial supply of the yolk sac, in its typical form, 
consists of two branches from the dorsal aorta; these break down 
into numerous smaller branches distributed in the mesoderm all 
over the surface of the sac. In a few echidna cmbiyos Semon found 
that the artery from the aorta to the yolk sac was unpaired. In all 
cases, however, a refe mirahile of blood vessels on the surface of the 
sac is formed. The venous drainage of this rctc forms up into two large 
veins which unite and pass as a single \^in into the embryo via the 
yolk-sac stalk. The yolk sac is hollow and is replete with nourishment 
dcri\cd from the uterine secretions. The internal lining of the yolk 

* In some amniotes the allantois fails to prow out far enough to meet the serosa, 
ncserlhcless that part of the serosa nearest the allanlots is called a chorion by 
some authors: I prefer to use the term only if there is contact between allantois 
and serosa. 
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it is 14-15 mm in diameter; it acquires an ellipsoidal shape, rep- 
resentative measurements being I4‘8 X 14-0, 15-0 X 13-8, and 
14-6 X 13-0 mm. The egg is now ready for laying and Hill and 
Gatenby (1926) state that the embryo within has 19 pairs of somites. 

Ho one knows how the egg gets into the pouch but once it is in 
place it is retained by hairs plastered across it (Broom, 1895). I have 
recently had an opportunity to confirm Broom’s observations: a 
female echidna brought to the laboratory on October 4, 1966, and 
from which a biopsy sample of mammary gland was taken on 
October 18, 1966, laid an egg circa the 22nd October. This tras un- 
expected since the pouch could scarcely be termed such, it was simply 
a shallow depression with thick tumescent borders. The pouch area 
was wet and sweaty 2 days before the egg was laid. When discovered 
the egg was found to be retained in the posterior end of the de- 
pression by hairs lying across it. Unfortunately the handling must 
have upset the mother since the egg was found squashed the day after 
discovery;^ Broom had the same sad experience. 

After ovulation a corpus luteum forms in the ruptured follicle. 
Hill and Gatenby (1926) present a description of that gland found 
in an echidna that had laid an egg 1-2 days previously. The corpus 
luteum was pear-shaped measuring 4*5 x 3*5 mm. Cytological 
examination showed it to be “In a fairly advanced stage of re- 
gression”, the luteal cells exhibiting colloidal and granular degenera- 
tion of the cytoplasm and vacuolization of the nuclei. I.eucocytic 
infiltration and the presence of much connective tissue were also 
apparent. From this evidence and from studies of the corpora lutea 
of the platypus and of another echidna. Hill and Gatenby conclude 
that regression of the corpus luteum sets in long before the egg 
is laid. 


Comparison of early development of Tachyglossus with that 
in Metatheria 

It is appropriate to digress here and comment on the similarity of 
the development of the primary germ layers in echidnas to that in 
marsupials. In Dasytmis (Hill, 1910) and Didelphys (McCrady, 1938) 
cleavage is preceded by extrusion of yolk from the ovum in the form 
of a single body of yolk in the case of Dasyunis, and as yolk bodies in 
that of Didelphys. The blastomeres formed as a result of cleavage lose 
* See Appendix V. 



EMBRYOLOGY 


167 


contact with one another and migrate radially to flatten themselves 
against the zona pellucida. During this migration the albumen layer 
becomes thinner and finally disappears from the egg of Dasyunis so 
that the zona pellucida comes into contact with the shell membrane. 
In DUkIphys the albumen persists longer, but in both cases the shell 
is strong and resilient so that the cells flattened against it form a 
vmUammaT blastocyst with the extruded yolk occupying the interior 
of the cyst. At no stage is a morula formed as is the case in eutherian 
development. The blastocyst cavity then becomes filled with a 
coagulable fluid derived from that poured into the uterine lumen 
through the secretory activity of the uterine glands. After a period 
of growth the cells of the unilaminar blastocyst differentiate into 
prospective ectoderm and endoderm cells. In Dasyitnis the latter 
acquire pscudopodia and migrate in from the outer layer to form a 
cell network which is filled in by mitotic division of the cells to form 
a complete new vesicle inside the outer. In Didetphys virtually the 
same process takes place save that the endoderm cells are large and 
rounded at first but as they migrate inwards they acquire pseudo- 
podia and later become flattened to form a sheet of endoderm inside 
the outer vesicle. In this w'ay the bilaminar blastocyst is formed very 
much in the way it is formed in Tachyghssus and Ornithorhynclius. 

The cndodermal sac with its outer layer of ectoderm was called 
the bilaminar omphalopleurc by Hill (1900) who regarded it as the 
first of the extra embryonic membranes to be formed. As in the 
monotremes the formation of an embiy'o has been inhibited up to 
this stage, but a primitive streak soon appears in the ectoderm and 
development proceeds along lines similar to those found in the 
TTiOTimTcmcs. TVic resemblance becomes closer wben tbc uterine 
fluid absorbed by the monotremc egg through the bilaminar omphalo* 
plcurc brings about the disintegration of the yolk mass and the 
constituent spherules become disseminated in the fluid contents of 
the yolk sac cavity (Semon, 1894c; Hill, 1910) as the yolk spherules 
do in the yolk sac in marsupials. 

EXTERNAL FEATURES AND EMBRYONIC 
membranes of EMBRYOS FROM POUCH EGGS 
The remainder of our knowledge of the cmbryolog>’ of Turhv- 
ghssjis is confined to Semon’s (1894 b and c) descriptions of a scries 
of embryos designated stages 40-45, which were found in pouch 
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eggs, and stages 46-53 which were all pouch young. Semon dealt 
only with external features, which are beautifully illustrated, but 
his many colleagues have contributed descriptions to the Zoohgische 
Forscbungsreisen in AustraVten of the development of various organ 
systems, the more interesting of which are dealt with elsewhere in 
this book. 

Stage 40 is an embryo about 7 mm long, with blunt lobate limb 
buds and remarkably prominent pharyngeal pouches. Somites 
number about 39 pairs and there is a well-developed tail. At stage 
43 the gill pouches are by now incorporated into the neck; the limbs 
are still lobate but the anterior pair are larger than the hind pair and 
the tail is relatively larger than in stage 40. At stage 44 the forelimbs 
are pentadactyl, the tail is undergoing a reduction in size and the hind 
limbs are still in limb-bud condition. At stages 43 and 44, the anlage 
of that most interesting structure, the egg-tooth, appears (Seydel, 
1 899). At first it has the form of a median conical papilla which arises 
from the snout region of the head and projects downward over the 
oral opening. It consists of a dowogrowth of the bead mesoderm 
which carries the overlying epidermis before it to form its external 
covering. At stage 44 it is longer and portion of the epidermis shows 
differentiation of its cells to form an enamel organ. From the exterior 
inwards the tooth consists of the following layers : an external buccal 
epithelium, an enamel epithelium of columnar cells, a basement 
membrane, and a layer of odontoblasts — derivatives of the meso- 
dermal core which forms the dental pulp of the tooth. Above the 
egg-tooth a median mesenchymal condensation appears which is 
distinguishable into a middle portion and two lateral wings; these 
form the lateral portions of the premaxUlae. The basal portion of the 
mesenchyme of the tooth likewise forms bone which unites with that 
of the median part of the premaxilla, thus the tooth acquires a 
solid foundation. By stage 45, according to Seydel (1899) and Hill 
and de Beer (1949), the tooth has a sharp point and is invested with 
solid enamel while the dental pulp, rich in capillaries, is enclosed by 
the bone forming the attachment to the premaxilla. This stage just 
precedes hatching. 

Semon (1894c) bad the good fortune to take an echidna carrying 
a newly hatched pouch young; it was considered to be just bom 
because the drying remnants of the foetal membranes were still 
adherent to the navel. This little animal (stage 46) was about 1*5 
cm long, the forelimbs wxre well developed, the hind limbs, however. 
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were still at the bud stage, exhibiting slight indications of digits. 
The snout region was compressed and showed no sign of its capacity 
to develop into an elongated beak. According to Seydel, and Hill and 
dc Beer, recently hatched echidnas still exhibit the egg-tooth but 
Semon's illustration of stage 46 shows no sign of it (Fig. 653). 

Semon (1894b) has described the foetal membranes of echidna 
embryos in pouch eggs at stages 42, 43, and 45. The embryo lies 
between the large vascular yolk sac which occupies the whole of the 
space inside the egg on the left side of the embryo while the 
space to the right of the embryo is occupied by the equally large 
allantois. 

The extra embryonic mesoderm and the coelomic cavity associated 
with it is found between the ectoderm and endoderm of the bilaminar 
blastocyst so that the embryo, amnion, allantois, and yolk sac come 
to be completely surrounded by the upwards as well as downwards 
growth of a layer composed of somatic mesoderm and ectoderm — 
the serosa. At the same time the yolk sac comes to be covered in its 
entirety by a mesodermal layer in the form of splanchnoplcurc and, 
where the mesoderm + endoderm of the sac comes into contact with 
the serosal membrane, in the form of omphalopleurc. Since the 
latter consists of endoderm, mesoderm, and ectoderm it is termed 
trilaminar omphalopleure. Similarly, the allantois during its growth 
outwards pushes the splanchnic mesodermal layer outwards until it 
meets the serosa. Here a fusion of the layers occurs to form the 
chorion.* Both the yolk sac and the allantois arise from stalks 
dependent from the underside of the embryo, as they generally do 
in amniotes. The arterial supply of the yolk sac, in its typical form, 
consists of two branches from the dorsal aorta; these break down 
into numerous smaller branches distributed in the mesoderm all 
over the surface of the sac. In a few echidna cmbiyos Semon found 
that the artery from the aorta to the yolk sac was unpaired. In all 
cases, however, a rcic niirabilc of blood \csscls on the surface of the 
sac is formed. The \ enous drainage of this rctc forms up into two large 
%eins which unite and pass as a single vein into the cmbiy’O via the 
yolk-sac stalk. The yolk sac is hollow and is replete with nourishment 
derived from the uterine secretions. The internal lining of the yolk 

* In some nmniotes the allantois fails to iTow out far enough to meet the serosa, 
nc\tTtheless that part of the serosa nearest the allantois is called a chorion b>- 
some authors; I prefer to use the fenn only ifthere is contact between allantois 
and serosa. 
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(b) 

Fia. 65. (a) Neonatus of Tachyglossui aculealus showing weU-dc'tlop^ 
forelimbs, hind-limb buds, open eAleinal nares, and e>es covered with 
skin. The amorphous mass over the na\el is dried foetal membranes. After 
Semon (1894c). x2-8. (b) Neonatus of Aftgo/eia ru/a attached to the feat- 
The forebmbs show the same development relative to the hind-limb buds, 
the ejTes are covered with skin and the nares are open. After Sharroan and 
01aby(19M). x2-7. 



EMBRYOLOGY 


171 


sac consists of a columnar epithelium of endoderm cells loaded with 
yolk granules. 

The allantois is also richly vascular over the whole of its surface, 
the arterial supply consisting of a pair of arteries arising from the 
posterior end of the dorsal aorta. The venous drainage is collected 
into two veins which enter the embryo through the allantoic stalk. 

This arrangement of the foetal membranes of the Tachyghssits 
embryo within the egg is not unlike the arrangement of the foetal 
membrane associated with the embryo of the marsupial PhascoJarctos 
(Semon, 1894b). There is an important difference, however, in that 
the extra-embryonic mesoderm penetrates only half to two-thirds of 
the way around the blastocyst between the ectoderm and endoderm, 
so that the yolk sac is only partially invested with mesoderm and the 
trilaminar omphalopleure is of limited extent ; a great part of the yolk 
is invested with non-vascular bilaminar omphalopleure as in the 
early monotreme blastocyst. In the marsupials the limit of extension 
of the extra-embryonic mesoderm is marked by a large blood vessel — 
the sinus terminalis. 

The allantois of Phascolarctos grows out and pushes the splanchnic 
mesoderm outwards until it fuses {ycrwachsen) with the serosa to 
form true chorion tissue. 

The limited extent of vascular trilaminar omphalopleure found in 
Phascoiarctos is characteristic of all marsupial blastocysts (Semon, 
J894b; McCrady, 1938; Sharman, 1961; Hughes. Thomson, and 
Owen, 1965). The allamtois, however, docs not make contact with 
the serosa to form chorion in Didelphys virginiana (McCrady, 1938), 
Triclwsunis vulpecida, Protcmnodoii ntfogrisca, Poiorous tridactylus, 
Setonix brachyiints (Sharman, 1961) nor in Psctidocheinis peregrinus 
(Sharman, 1961; Hughes cl al.y 1965). It docs form a chorion, in 
addition to the instance of PJiascolarctos, in at least three species of 
Pcramclidac; here a chorio-allantoic placenta is formed consisting 
of a true syncjtial fusion of maternal and foetal tissues (Hill, 1898, 
1901: Hynn, 1923). 

It has been demonstrated by Hill (1910), McCrady (1938), and 
by Sharm.in (1961) that in at least fis'C species of marsupial the 
resilient shell membrane surrounding the blaslocs’st persists until 
near term. Thus a slicll membrane is interposed bctucen the cm- 
biyonic membranes of the foetus and the maternal tissues for most 
of the gestation period: in the monoiremes it is present all the gesta- 
tion period and it may well be so in Didelphys. In fact McCrady 
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(1938) states that a placenta is not formed during the gestation of 
Dtdelphys since the vesicles can be removed from the uterus at any 
stage of development without interference with either the maternal 
or the embryonic circulations.* Sharman (1961), however, considers 
the vascular omphalopleurc of these marsupial blastocysts to be a 
placenta even though a shell membrane is interposed between the 
embryonic membranes and maternal tissues most of the gestation 
period, the argument being that foetal membranes concerned with 
uptake of nourishment from the uterus arc placentas. If one concedes 
this the omphalopleurc of the monotreme blastocyst might be con- 
sidered to be a placenta during the period it is in intimate contact with 
the wall of the uterus, especially since the yolk at that period is 
disintegrating and the blastocyst is filled with uterine secretions. 
This conclusion supports the contention of Hill (1910) that marsupial 
developmental processes are slightly modified monotreme develop- 
mental processes and that both kinds are basically different from 
those of Sauropsida. In the oviparous Sauropsida the egg contains 
enough yolk for the production of a young one complete in itself. 
On the other hand, the ova of the monotremes and the marsupials 
are smaller than those of reptiles and the amount of yolk is wholly 
inadequate for the production of the embryo, the nutrients required 
for complete development being supplied by the glands of the uterus. 
One might point out here that the developmental processes of the 
monotremes and many of the marsupials are also basically different 
from those of the viviparous Sauropsida since these exhibit early 
breakdown of the shell membrane in tilero and the formation of a 
sophisticated chorio-allantoic placenta (Weekes, 1930) equal in 
complexity to that of many eulherians. At term, fully viable in- 
dependent young are dropped. 


Comparison of the neonatus of Tachyglossus with those 
of marsupials 

The new-born pouch young of the marsupials Trichosurus vul- 
pecula (Buchanan and Fraser, 1918), Didelphys virginiana (McCrady, 
1938), and Dasyurus viverrinus (Hill and Hill, 1955) exhibit many 
modifications associated with living in a pouch and with a diet of 

1 Extension of this argument would lead to the absurd conclusion that pigs 
ha w no pla^tas since there is no intunate fusion of maternal and foetal tissues 
and the embryos can be removed without disruption of the circulation. 
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milk; similar modifications are found in the new-born pouch young 
of Tachyglossus; some of these caenogenetic specializations in the 
two groups are described as follow: 

Body form and cgg'tootlu The body form of the marsupial neonatus 
and that of tbemonolremeissimilarfFig, 65(a) and(b)), the forelimbs 
showing the same enormous development relative to the lobate 
hind-limb buds. The marsupial neonatus has no egg-tooth but the 
uterine embryos of Trichosiirus vttlpecula and Phascolarctos cinereus 
exhibit a rudiment of the egg-tooth which has a structure similar to 
that of the Tachyghssus egg-tooth at stage 43 (Hill and de Beer, 
1949). The pouch young of these two marsupials also exhibit anlagen 
of the caruncle as do those of Didcipkys mirita, Cahiromys philander^ 
and Pcramclcs na^nta^ but the last three mentioned show no trace 
of an egg-tooth anlage (Broom, 1909; Hill and de Beer, 1949). 

Excretory system. According to Fraser and Buchanan (1918) and 
Hill and Hill (1955) the mesonephroi of Trichosuriis and of Dasyiirtts 
are well developed and functional at birth. In Didelphys McCrady 
(1938) found that it remained well developed and probably functional 
until (he metanephros became functional about one week after birth. 
In all three of these marsupials the rests of the allantois arc present as 
the urachus and as a swollen basal portion which gives rise to the 
bladder. These organs are at a similar stage of development in 
Tachyglossus (Keibcl, 1904a); at stage 44 the pronephros (Vomierc) 
is a shrunken remnant, the mesonephros (Urnierc) is well developed 
with apparently functional glomeruli but the anlagen of the metane- 
phros are c^’ident also. At stage 46 the latter show in the deeper 
regions of the cortex a few definitive glomeruli. At stage 47 the 
mesonephros is still an organ of impressive dimensions but the 
metanephros has achieved a marked increase in growlh and in the 
central regions of the cortex fully dincrcnliaicd glomeruli arc found 
in large numbers, while at the pcriphcr>’ glomeruli in all stages of 
development arc discovered. The urachus, as in the marsupial 
neonatus, is a solid rest of the allantoic stalk which is expanded at its 
base to form the bladder. 

The mesonephros is still present at stage 51 but it now shows signs 
of atrophy. 

Olfactory and other sense organs. Fn the new-born of the marsupials 
Didelphys (Sclcnka, ISS7) and Daspinis (Hill and Hill, 1955) the 
nasal septum is present in its definitive form, the external narci 
leading back into the large nasal cavities which communicate with 
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the pharynx through the internal nates; turbinal ingrowths are not 
apparent. Similarly, the external nates in stage 46 Tachyglossus 
{Seydel, 1899) lead back into the nasal cavities which are extensive, 
the nasal septum is united to the false palate and the naso-palatine 
canals ate well developed but the cartilages for the support ol the 
maxillo-turbinals are immature. The naso-palatine canals lead ac 
wards and communicate with the pharynx. 

In Dasyurus olfactory sense cells are present in the olfactory por- 
tion of the nasal epithelium and olfactory nerve fibres pass from there 

into the olfactory bulbs. In rnc/iy^/owwi differentiated nasal epithe- 
lium is present in the dorso-medial wall of the nasal passage accord- 
ing to Seydel’s (1899) illustrations but it is not known whether or not 
sense cells are present. It seems likely that they are since Seydel 
shows olfactory nerve fibres entering the bulbs. These are dit- 
ferentiated at stage 44; at stage 46 they are enormous relative to the 
telencephalon and contain extentions of the lateral ventricles 
(Ziehen, 1905). The olfactory organs appear to be the only sense 
organs capable of functioning since the eyes are covered with skm 
and they do not open until several weeks of pouch life have passed; 
likewise the organs of hearing in Dasyurus, Didelphys and Tachy- 
glossus are rudiments at birth, the ear ossicles being still plastered 
onto the posterior end of Meckel’s cartilage (Gaupp, 1908, see p. 60, 
McCrady, 1938; Hill and Hill, 1955). The membranous labyrinth in 
Tachyglossus at birth, however, exhibits all the structures found at 
stage 51 (Fig. 26) but differences in proportions of the parts are 
found; the ductus reuniens, for example, is thick and is not as well 
defined as at stage 51. A comparison of the reconstruction of the 
membranous labyrinth of Didelphys at birth (Larsell, McCrady, and 
Zimmerman, 1935) with that of Tachyglossus at the same stage 
(Alexander, 1904) shows them to be practically identical. 

The lungs. Concerning the lungs of Tachyglossus, Narath (1896) 
wrote: 


Man denke nur an die hochst aufTallige Thatsache dass zwar bis zur 
Geburt des Thiere all Seilenaste des Staminbronchus entwickelt sind, dass 
aber die weitere Verzweigung dieser noch nicht zum Abschluss gebracnt 
wurde und dass endlich die Bildung von definitiven Alveolen noch gar nicht 
begonnen hat! Das Junge wird also im wahrsten Sinne des Wortes mit 
einer embryonalen, noch lange nicht fertig entwickelten Lunge geboren und 
ist gezwungen, mit dieser zu athmen. 

Similarly, the young of Didelphys (Selenka, 1 887 ; Bremer, 1 904) and 

Dasyurus {HiW and Hill, 1955) are born with equally embryoniclungs 
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which are nevertheless functional and in both the monotremes and 
the marsupials the caenogenetic modifications are of the same nature. 
True alveoli are not present but the bronchi end blindly in modified 
bronchioles which function as respiratory chambers (“geraumiger 
Luft-hammern”) for some \s’eeks after birth. These chambers are 
lined with true respiratory epithelium but later, when the definitive 
infundibuli and alveoli arise from them, they become ordinary 
respiratory bronchioles.^ In Tachyglossiis the ductus Botalli is 



Fio. 66. Parasagittal section of portion of the stomach of a suckling 
echidna, weight 850 g, length 25*5 cm. Heidenhain's Iron hacmatoxjlin. 
(Grifliths, 1965b.) xl20. (Reproduced from Comp. Biochem. Physiol.) 


obliterated at birth so that all blood from the right ventricle is 
passed solely to the lungs (p. 212). Apparently the same holds true 
in Dasyunis since Hill and Hill state that the pulmonar>' arterj’ passes 
up to the ventral side of the trachea and turns back below it to reach 
the lungs. 

The alimentary canal. Oppcl (lS96a) reported that the stomach of a 
“Beutelfbtus” (size and weight unspecified) of T. aatleatus was not 
lined with stratified squamous epithelium as is the adult stomach 
(Fig. 12), but with an epithelium composed of columnar cells. This 

* See Appendis 1\'. 



echidnas 

was confirmed by Grimihs (1965b) who found 

by a thin layer of stratified epithelium. Although free-living 
S was probably not quite weaned since it would ingest m.lf 
ind custard but not termites (sec p. 203). . , , „^u nf 

Heuser (1921) found that glands are not present in the stom h ^ 
Didelphys at birth, “nor ean any of the elements be regarded as alls 
assodated with the formation of acid as found in the 
«Lch of higher mammals”. The stomach o the "-“born 
kangaroo, Mcgaleia mfa, is lined with a columnar epithelium 



Fro. 67. Peclotat girdle ot pouch young of TrMorarer ridpecuto. Note union 
of scapulae to sternum by coracoid cartilages. After Gregory (1947), y 
courtesy of the Amcncan Museum of Natural History. 


(Griffiths and Barton, 1966) which is very like that in the stomach o 
the pouch young of Tachyglossus and of Didelphys. Nevertheles^ m 
the stomach of Megaleia at birth pepsin is present and ^ 

encountered in the stomach contents at the 5th day of pouch bia- 
parietal cells are demonstrable until the 200th day of pouch he. 
however, the apparently simple epithelial cells of the stomach oft e 
neonatus of Megaleia exhibit electron microscopically the character- 
istics of cells capable of producing pepsinogen granules and hydro- 
chloric acid. It will be interesting to find out if the epithelial cclU hoing 
the stomach of the pouch young of Tachyglossus are of this nature. 

From Keibel’s (1904b) drawings of cross-sections of an echidna 
embryo at what he terms stage 45a (just before birth) the anatomy o 
the duodenum and small intestine, as far as the number and com- 
plexity of the villi are concerned, is identical with that of M. rufa ^ 
birth. 
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The skeleton. The chondrocranium of Tachyghssus at stage 46 is 
essentially the same as that found at stage 48 (Fig. 21) save that the 
tectum posterius is not as well developed and the whole skull has a 
more open dish-shaped appearance. Anlagen of the following 
membrane bones are discernible: parietals, frontals, squamosals, 
each with a 2 ygomatic process, nasals, septomaxillae, premaxillae, 
maxillae and palatines. 

The chondocranium of Dasyurus at birth, however, is relatively 
immature in structure. It is shallow and saucer-shaped but its chief 
constituent parts are joined to form a continuous casing for the 
support of the brain and olfactory organs (Hill and Hill, 1955). The 
anlagen of three membrane bones only can be detected, namely: 
premaxillae, maxillae, and palatines. PUae antoticae, of course, do 
not appear. 

The shoulder girdle of the new-born marsupial is remarkable for 
the fact that coracoid cartilages connect the scapulae with the sternum 
(Fig. 67). Broom (1897) who discovered this circumstance, pointed 
out the similarity to the monotreme shoulder girdle (Fig. 28 (a)). Later 
in development the coracoid cartilages atrophy in the marsupial 
pectoral girdle but they persist and become ossified in the mono- 
tremes. Hill and Hill (1955) noted that in addition to coracoids the 
pectoral girdle in the new-born Dasyurus exhibited the anlagen of a 
transitory interclavicic. 

It would appear from the above descriptions that the larvae of the 
monotremes and the marsupials possess a number of cacnogcnetic 
modifications in common. 



CHAPTER 9 


THE MAMMARY GLANDS 


ANATOMY 

since the possession of mammary glands is a criterion 
of living mammals, one might expect that the morphology of tho = 
glands in the Prototheria would have been studied m great dcm h 
but as far as Tachyghssiis is concerned little is known and that 
has been gleaned from observations of fixed tissues taken from a lew 
non-lactatvng animals. 

Oneleams from these descriptions (Owen, 1832, 1865; , 

1886; Klaatsch, 1895; Ruge, 1895; Eggeling, 1907; Bresslau, 1907, 
1912a, and 1920) that the two mammary glands, located on eitne 
side of the abdomen and situated between the dermis and the a^ 
dominal muscles, consist of 100-150 separate lobules fiUed wrtn 
tubular glands resembling sweat glands. Owen (1832) \ 

male echidnas have small mammary glands and Haacke (1885) give 
the measurements of rudimentary mammary glands dissected ou 
from two male specimens of T. a. multiaailealus as about 8 mm ong 
by 4 ram wide wth lobules 2 mm long. These animals, moreover, 
were taken in September when the females are known to be sucklmg 
their young. Westling (1889), however, found that the mammary 
gland in a very big echidna (47 cm long) measured 2 X 1 *5 cm, a 
size not disproportionate to the large size of the animal. Never! e- 
less, one learns with astonishment that Bresslau (1920) inferred from 
this single observation : 

That the male Echidna as »cll as the male Omithorny-nchus 
mammary glands just as strongly de> eloped as the female ... as re^r^ 
deselopment of the mammary glands m the male it would be very destra 
to know how they beba\e during ths sucklmg time of the young. 

Griffiths and McIntosh (unpubl. data), however, are studying the 
seasonal development and regression of the mammary glands to 
Tachyglossus and their results, so far, are in agreement with those o 
Haacke. The glands were measured in excised specimens or in situ 
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in anaesthetized echidnas from which biopsy specimens were taken. 
During the months in which egg-laying (July, August, and September) 
and lactation in the females occurs (August to February or March, 
see p. 203) the male glands were found to consist of collections of 
tiny lobules directed dorsally into the dermis and at right-angles to 
the surface of the areolae. The length of the lobules did not exceed 
5 mm. The size of the glands in two females just coming into lacta- 
tion in July and August were 40 x 23 mm and 50 x 30 mm re- 
spectively. Fully lactating glands in three females taken in November 
measured at least 60 x 34 mm (Fig. 68). At their proximal ends the 



Fia. 68. Mammary gland of hetating 7acAj:e/<7ssus a. xl’5. 


lobules of the glands in both sexes arc collected together so that they 
open to the exterior on the ventral surface at two quite small areas, 
the aforementioned areolae, which arc about 6 mm long and 2-3 mm 
in breadth. In echidnas carry-ing pouch young the areolae arc situated 
on each side of the mid-line of the dorsal-lateral surface of a pouch 
or incubatorium disco>crcd by Haackc (1885). The pouch (Fig. 69) 
develops at the beginning of each breeding season,* and the areolae 
arc located about midway between its anterior and posterior ends 
(Fig. 70). Owen and Gegenbaur were unaware of the existence of the 
incubatorium and biologists of their lime thought that the young 

* Dobforula (196 J) mcn{if>ns the curious circurmtaneeof (he periodic appear- 
ance and disappearance of a pouch in a male echidru Vept ai Prague Zoo. 
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echidna was carried in one of two slit-like pockets at the bottom of 
which were the areolae. The mistake arose from Owen’s (1865) 
observations of a preserved female echidna whose abdominal wall 
had been cut longitudinally so that, no doubt, the curled-up edges of 
the cut gave the impression that there were two small pockets on 
either side of the mid-line. Unfortunately Owen did not draw the 
specimen as he saw it, but as be thought it ought to be. This one 
drawing had considerable influence for the next 40 years on bio- 
logical theory concerned with the phytogeny of the marsupiura in 



Fio. 69. Entrance to pouch of Tachyglossus a. aculeatus. The swollen 
appearance of the lips is due to the presence of the mammary glands beneath 
the skin. At the time the pouch was carrying the young one shown in Fig. 1. 

(Griffiths, 1965b.) (Reproduced from Comp. Biochem. Physiol.) 

the Mctathcria. This influence culminated in the publication of three 
ingenious interpretations of the nature of the “mammary pockets”, 
with the help of which Gegenbaur, Klaatsch, and Ruge, respectively, 
tried to explain the phylogenetic development of mammary glands 
throughout the whole of the class Mammalia. After the publication 
of Haacke’s paper, Bresslau discovered the true nature of mammary 
pockets by reading the text of Owen’s paper as well as looking at his 
drawing. 

To return to the structure of the mammary glands, Gegenbaur 
noted that the terminal duct of each lobule opened into the invagina- 
tion of the skin surroundinga hair, ■whose follicle was situated in the 
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areola, and that sebaceous glands (Talgdrusen) associated with the 
follicle also opened into the same invagination. Thus milk and 
the products of the sebaceous glands pass to the exterior through the 
same channels. Gegenbaur also noted the presence of convoluted 
sweat glands (Knaueldrusen) in a circumscribed area of skin peri- 
pheral to the areola. I am able to confirm all those findings (Fig. 
71) but Kolmer (1925) could not find Talgdrusen in the areola of 
Zaglossus and he was not certain whether or not Knaueldrusen were 
present in the skin around the areola; confirmation of the absence of 



Fio. 70. Portion of mammary gland exposed. This echidna had been in- 
jected 7‘73 min pmiousJy with oxytocin. Note milk welling up from 
areolae, and the mammary hairs. xO'8. 


scbaccousgJands will have to await further research into the histology 
of the mammary gland Zaglossus, but if it is shown that sebaceous 
glands arc absent, the areola ofZog/ojswj will be exactly like the milk 
patch of Ornithorhynchus which lacks Talgdrusen opening at the 
bases of the mammary hairs (Gegenbaur). The presence of these 
mammary hairs has led to the erroneous guess that milk is imbibed 
by licking it off the hairs, and since no one has had occasion to 
obserxe the suckling of pouch young, Linzcll (1959) is constrained to 
stale “In the egg-laying monotremes ... a fatty secretion is produced 
shortly after the young arc hatched and this is licked off as it exudes 
from the base of the hairs.” Marston (1926), however, showed that the 
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the Mctatheria. This influence culminated in the publication of three 
ingenious interpretations of the nature of the “mammary pockets”, 
with the help of which Gegenbaur, Klaatsch, and Ruge, respectively, 
tried to explain the phylogenetic development of mammary glands 
throughout the whole of the class Mammalia. After the publication 
of Haacke’s paper, Brcsslau discovered the true nature of mammary 
pockets by reading the text of Owen's paper as well as looking at bis 
drawing. 

To return to the structure of the mammary glands, Gegenbaur 
noted that the terminal duct of each lobule opened into the invagina- 
tion of the skin surrounding a hair, whose follicle was situated in the 
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areola, and that sebaceous glands (Talgdrusen) associated with the 
follicle also opened into the same invagination. Thus milk and 
the products of the sebaceous glands pass to the exterior through the 
same channels. Gegenbaur also noted the presence of convoluted 
sweat glands (Knaueldrusen) in a circumscribed area of skin peri- 
pheral to the areola. I am able to confirm all those findings (Fig. 
71) but Koimer (1925) could not find Talgdrusen in the areola of 
Zaglossiis and he was not certain whether or not Knaueldrusen were 
present in the skin around the areola; confirmation of the absence of 



Ftc, 70. Portion of mammary gland exposed. This echidna had been in- 
jected 7*75 min proiously with oxytocin. Note milk welling up from 
areolae, and the mammary hairs. x0*8. 


sebaceous glands will have to await further research into the histology 
of the mammar>' gland Zagfossiis, but if it is shown that sebaceous 
glands arc absent, the areola oT Zagiosstis wiW be exactly like the milk 
patch of Omithorhynchus which lacks Talgdriiscn opening at the 
bases of the mammary hairs (Gegenbaur). The presence of these 
mammar>' hairs has led to the erroneous guess that milk is imbibed 
by licking ii off the hairs, and since no one has had occasion to 
obsene the suckling of pouch young, Linzcll (1959) is constrained to 
slate “In the egg-laying monotremes ... a fatly secretion is produced 
shortly after the young arc hatched and this is licked off as it exudes 
from the base of the hairs.” Marston (1926), however, showed that the 
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mysterious fatty exudate is milk since the principal protein present 
was casein, the carbohydrate was lactose and the fat was milk fat. 
Since the publication of Unzell’s rewen' it has been shown (Griffiths, 
1965b) that the milk is imbibed by sucking and that there is an 



Fio. 71. SagitUl section through portion of milk areola of lactating Taehy- 
glossus a. aculeatus. y 35. 

efTicienl “let down” mechanism for the ejection of milk; this will be 
discussed later. 

Gegenbaur found that the lobes in the glands of his echidnas 
consisted of simple unbranched lubes which on the whole resembled 
those of sweat glands. This resemblance was doubtless accentuated 
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by the fact that the glands were quiescent and were not secreting 
milk. The process of transition from the non-lactating condition to 
the actively secreting gland is not known in detail, but Griffiths and 
McIntosh have observed in biopsy material taken on July 13 from a 
female T. a. jmilliactileatiis (wt. 3325 g), that the lobules of the gland 
consisted of almost solid cords of cells in which a lumen was rarely 
detectable. Further samples taken on August 5 from the same 



Fro. 72. Pouch, showing regression after the young one has been cast out. 
The t«o miik areolae are visible at tbe anterior end ot the pouch area. 
fGrimths, 1965b.) CReproduced from Comp. Btochrm. Physiol.) 


animal showed that the lobules consisted wholly of hollow tubules 
identical with those described by Gegenbaur and by Bresslau. In 
another female echidna (wt. 4200 g) taken on July 22 the glands 
were actually secreting a turbid fluid, which contained solids to acon- 
centration of 12% w/w and which flowed spontaneously following 
intramuscular injection of oxytocin. Both these echidnas had partially 
developed pouches which failed to achieve their dcnnitive structure 
during the period of observation ofS^ weeks and since eggs were not 
laid they were deemed to be non-pregnant. This suggests that the 



mammary glands differentiate and grow at the start of the breeding 
season independently of pregnancy. This notion is supported by the 
obser\'ation that Kolmer's (1925) Zaglossus bruijni, which died in the 
Vienna Zoo, after being on its own for 10 years, had no eggs in its 
uterus but the mammary glands were engorged with milk which ran 
out of the gland when it was cut open; Kolmer likened the free-hand 
sectioning of the gland to the sectioning of a rabbit mammary gland 
at the height of lactation. 


Fio. 73. Sagittal section of mammary gland of lactating Tachyglossus a. 
aculealus. Heidenham’s iron haematoxyltn. X 3* 6. 


The pouch young at birth is about 1 -5 cm long (Semon, 1894c) but 
the size and degree of differentiation of the mammary glands at this 
time are unknown. However, by the time the pouch young is 10 cm 
long and weighs about 90 g the mammary glands are quite obvious 
beneath the skin and appear as two half-moon-shaped swellings at 
cither side of the lips of the pouch. When the spines of the pouch 
young reach such a length and sharpness that the mother cannot stand 
it any more she refuses it entry to the pouch but she continues to 
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Fio. 74. Section of portion of lobule of the gland shown m Fig. 73. The 
central lightly staining area shows transition from aheoli to ductules. 
Heidenhain’s iron hacmaioTylin, x43. 


suckle it (p. 19S). The pouch quickly regresses (Fig. 72) and finally 
disappears (GrifTilhs, 1965b) only to reappear next breeding season, 
but tlic mammary’ glands continue to increase in si/e and to produce 
large quantities of milk for the young one. Such a gland taken from 
a female that had no recognizable pouch is shown in Fig. 68. The 
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Fio. 75. Section through portion of resting aheolus showing epithclioni 
of flattened cells. TTie cellular clcrnenVs discernible in the septa between 
the abeoli are myoepithelial cells. Hcidenhain’s iron bacmatosyhn- 
x4M. 


lobules are swollen club-shaped bodies (Fig. 73) which coitiaio 

hundreds of conventional aUcolt (Hg. 74). These communicate with 
centrally located ductules leading into larger ducts which terminate 
at large sinuses (Figs. 71 and 73) lined by a thin flattened epithelium. 
The m'llV. ejected into these sinuses is then passed to the exterior 
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Ficj. 76. Epithelium of actively secreting aheolus. Heidcnhain's iron 
hacmatox>lin. x434. 


through duels of relatively large calibre whose openings arc in the 
invaginations of skin surrounding the mammary hairs at the surface 
of the areola. 

The alveoli arc lined by the epithelium which secretes the milk 
and, like the sccretoiy' cells in the mammar>’ glands of euthcrians, 
the cells in dincrcnl parts of the echidna gland exhibit actl\c and 
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non-active secretory phases. The cells of the non-secretory alveolus 
are flattened and have elongated nuclei (Fig. 75). Those in an actively 
secreting alveolus are cuboidal and vacuolated and in some instances 
the cells appear to be fragmented much as they appear to be in the 
eutherian alveolus (Fig. 76). The cells of the alveolus are cemented 
to a basement membrane and external to that membrane is a layer of 
myoepithelium. Gegenbaur demonstrated the presence of this type 
of smooth muscle in the quiescent gland where it forms an investment 
around the simple unbranched tubules. Kolmer also found that the 



Fio. 78. Portion of mammary gland exposed. Three minutes after injection 
of D\yioch. Note flaccid flalfmcd appearance of iobuies. .x2. 


alveoli in the gland of his Zaghssjis were surrounded by smooth 
muscle cells arranged in parallel bundles very like, he thought, those 
around the tubules of sweat glands. 

Attempts to stain myoepithelium in the mammary gland of Tachy- 
glossus by the specific staining method of Richardson (1947) were 
not successful but cellular elements, well fitted by descriptions of 
myoepithelium in other mammals, could be demonstrated by stain- 
ing with Heidenhain's iron haematoxylin without counterstain. This 
epithelium situated betvseen the basement membranes of adjoining 
al\coH consists of fusiform bipolar and of branched cells with 
elongated thin nuclei (Fig. 77 (a) and (b)). This is a reasonably 
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satisfactory way of staining this tissue and some experiments about 
to be described support the notion that it is myoepithelium.^ 

As Linzell (1955) has shown myoepithelium is the target tissue for 
the polypeptide oxytocin, the application of which to the cells brings 
about their contraction with consequent deformation of the alveoli 
and increase in intra-alveolar pressure thus leading to the expulsion 
of the milk into the efferent ducts. In the lactating eutherian, oxytocin 
is secreted into the bloodstream by the posterior lobe of the pituitary 
gland in response to the stimulus of sucking at the nipple. That 



Fio. 79, Six nunutes after injection of oxytocin. The lobules are beginning 
to take on a rounded appearance. x2. 


hormone carried by the blood to the myoepithelium brings about 
milk ejection. Injection of exogenous oxytocin will also bring about 
milk ejection in eutherians and it %vas found to be effective in this 
way in lactating echidnas. Three animals were used for the study 
and each had a regressed pouch and well-developed mammary 
glands. Each animal was anaesthetized with Bayer Avertin injected 
intraperitoneally, and a portion of one mammary gland was exposed 
by an incision extending from the areola, laterally for about 1 - 5 in 
as shown in Fig. 70. Synthetic oxytocin (Sandoz) was then injected 
intramuscularly at the rate of 9 international units/kg body w’eight; 
thereafter photographs of the exposed lobules were taken at frequent 
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Fio. 82. 7-75 min after injection of oxytocin. The lobules have now assumed 
a sv^oUen, mottled appearance. xZ*7. 


unoperated side (Fig. 80). At 7*5 min after injection the short 
rounded form of the lobules was marked (Fig. 81) and the surface of 
each had a mottled nodular appearance which might be ascribed to 
the a«ion of a contractile tissue around the alveoli; shortly aft^*" 
this milk was flow ing spontaneously at both areolae (Figs. 70 and 82). 



THE MAMMARY GLANDS 


193 


These experiments show that oxytocin has a milk ejection effect 
in which is consistent with the concept that the alveoli 

are invested with myoepithelium. 

The processes of regression of the gland after weaning and of the 
transition to a quiescent state are unknown. 


DEVELOPMENT 

The anlagen of the mammary glands of alt the Mammalia consist 
of a thickening of the skin located on each side on the ventro-lateral 
parts of the embryo, towards the posterior end. These are known as 
primary primordia (Bresslau, 1920), but in the Eutheria they have 
been given the name of milk streaks. The extent and location of the 
primary primordia are identical in the Prototheria and the Meta- 
theria, but in some Eutheria they may extend over the length of the 
trunk but in others, where the nipple rows do not extend beyond the 
region of the navel, the condition is the same as in the monotremes 
and marsupials. During development the primary primordia shift 
towards each other in a medio-ventral direction and take up their 
definitive positions on the abdomen. From this it is clear, as Bresslau 
stated: 

That in all three orders fsic] of Mammalia, the first indifTcrent primordia 
of the mammary apparatus from uhich the later milk organs spring, arc 
homologous — that is the primarj'-primordia of the Monotremes and the 
Marsupials and the milk streaks of the Placentals. 

The primary primordia of the mammary glands in Tachyghssus 
arc apparent in the stage 42 embryo (5 mm crown-rump length) as 
\vfo ectodermal thickenings on cither flank a little above the 
place where the hind-limb buds emerge. The cutis beneath the 
thickenings is differentiated in that there is an accumulation of 
nuclei and blood vessels. The primary primordia shift from their 
lateral positions as development proceeds so that they come to lie, 
on cither side, close to the line of origin of the amniotic folds (Fig. 
83). At this stage the primar}' primordia arc lens-shaped in form and 
they project above the level of the neighbouring skin. However, 
Bresslau claims that at later stages of dc\clopmcnt they become flat 
and inconspicuous and that this condition persists until the embryo 
hatches. 

Soon after birth the skin doses o\cr the navel opening but the 
muscle layer beneath the skin at that place docs not grow and 
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thicken as it does elsewhere, thus in the middle of the panniculus 
carnosus there remains an oval area relatively free of muscle tissue. 
This is the region which will give rise to the pouch, and at its antero- 
lateral portions the two primary primordia are situated. These are 
easily distinguishable again because in the course of development of 
the embryo, hairs have been developed and are uniformly distributed 
in the skin, except in the primary primordia, which are free of them. 
However, when the pouch young is 4-5 era in length (stages 51 and 
52), the development of hair follicles begins Nvithin the primary 
primordia with a vigour not seen elsewhere in the skin. When the 
follicles consist of a simple downgrowth invested by stratum germina- 
tivum, they begin to bud off outgrowths which become glands; those 
in the centre of the primary primordium becoming mammary glands, 
those at the periphery giving rise to sweat glands (Fig. 84). At first 



Fio. 83. Tnins\efse section of ventral portion of echidna embryo, stage 
45. After Bresslau (1907). X48. 


both these derivatives look alike but as development proceeds they 
take very different courses. Wjthin the area that vvill become the 
areola the outgrowths on the hair follicles become much larger and 
form elongated club-like structures while the sweat glands become 
convoluted (Knaueldrusen) as seen in Fig. 85. During the course of 
further development a hair and its associated sebaceous gland are 
produced by each follicle and the mammary tubules elongate and 
penetrate deep beneath the skin. 

The embryology of the mammary glands in the Metalheria is 
very like this process in the Prolothcria but there are differences 
associated v.ith the development of nipples; the primary primordia 
break up into small nodules from which project downwards below the 
epidermis, knob-shaped structures, which are the nipple primordia. 
From these knobs primary epithelial sprouts grow out, each of which 
gives rise to a secondary bud, and to two tertiary buds. The primary 
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Fcg. 84. Transverse section through pouch area of echidna young, stage 
51. After Bresslau (1907). x45. 

buds form mammary hairs identical with those in Tachyghsstis, the 
secondary the mammary glands, and the tertiary buds give rise 
to sebaceous glands associated with the mammary hairs (Bresslau, 
1912b, 1920; O’Donoghue, 1911). Inmost of the marsupials the hairs 
and sebaceous glands regress early in ontogeny but in the koalas the 
hairs persist, even in the fully differentiated nipple, for a time before 
finally disappearing (Bresslau). 

In spite of this evidence from the ontogeny of the mammary 
glands of the close affinity of Protothcria and Mctatheria, there is no 
such evidence that the pouch or incubatorium of TacJiyglossus is 



Tio. 85. Trartfivne icclion through pouch area, stage 57. After Bresslau 
(1907). Xl8. 
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homologous with that in the Metatheria. In the first place some of 
the most primitive Metatheria, the Dasyuridae, have no pouch and 
exhibit no sign of a pouch during ontogeny; it is only in the more 
sophisticated marsupials that pouches are present and as Wood 
Jones (1923) remarks “The pouch w’as no birthright of the didelphian 
stock; the marsupium is a marsupial acquirement and a marsupial 
specialization.” This does not mean that all pouchless marsupials 
never did have a pouch; in Myrmecobius fasciatus, the marsupial 
anteater, the pouch is secondarily lost early in its development, the 
primordia of the pouch can be observed but they quickly disappear. 
Moreover, in those forms with a well-defined marsupium it develops 
in an entirely different way from that of the echidna. The incuba- 
torium is an unpaired single formation, the marsupium is a complex 
formed by the fusion of a series of epidermal invaginations called 
marsupial pockets by Bresslau (1920). These flatten at their inner 
margins and the lateral walls of the pockets fuse to form the wall of 
the marsupium. One last point of diflerence between the marsupium 
and the incubatorium is that the latter is evanescent; it appears at the 
beginning of the breeding season and it quickly regresses when the 
pouch young is cast out. 

GROWTH OF THE POUCH YOUNG AND THE 
COMPOSITION OF THE MILK 

In spite of many attempts echidnas have been bred twice only in 
captivity, once in Berlin in 1908 (Heck), and once in Basel in 1955. 
Consequently study of growth of pouch young and the lactation of 
their mothers is a matter of opportunism rather than of planned 
study; howoer, during the last 3 years we have had just that oppor- 
tunity of obsening the growth of echidna pouch young. Three 
lactating animals with pouch young have been obtained so far; one 
Tachyghssits acukatus acukatus from western New* South Wales and 
two T. a. niultiaaikaius from Kangaroo Island. The little we know’ 
of growth and milk intake in pouch young has come from study of 
these animals. A description of the work on the New South Wales 
echidna has been published (GrifTuhs, 1965b) and the results of that 
study will be compared with those on the Kangaroo Island animals. 
All thr« lactating mothers were fed a custard of milk and eggs 
containing a ration of -Votif/i7fr/ii« exitioms. 

The pouch joung of the Nc«- South Wales echidna weighed 241 g 
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at the start of the study and its length was 16 cm. At the end of 43 
days of observation it was 25*5 cm in length and weighed 850 g. 
The increases in the total body length and the body weight were 
roughly linear with time (Fig. 86) at that stage of its development; 
the mean daily increase in body weight was about 14 g/day and the 



DAYS 


Fig. 8S. Body >scight and body length of the pouch >oung of Tachyghs- 
silt a. aculeauts as a function of lime. Arrow shows when the young one 
was cast out of the pouch. (GnfTiths. 1965b.> (Reproduced from Comp. 
Diacbem. Pbysiol.) 


rate of increase in body length was 0*23cm/day. For the first 16 days 
of the study he was carried in his mother’s pouch (Fig. 87) the en- 
trance to which was pear-shaped and about 9 cm long (Fig. 69); it 
was large enough to accommodate the young one completely. When 
she was picked up, howe\cr, she contracted her abdominal muscles 
so that the young one was partly squeezed out of the pouch; the 
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head, shoulders, and forelimbs remained enclosed. From that posi- 
tion a sharp wrench was necessary to break the grip of the strong 
forepaws on the hair inside the pouch and to pull the young one out 
completely. Inside the pouch the two milk areolae could be seen 
placed well apart on the dorso-Iateral walls of the pouch. 

At the 16th day of observation the weight of the young one was 
400 g, the eyes which had been opened only partially were now 
completely open, the spines were sharp and projected from the skin, 
the total length of a spine taken from the flank was 10*7 mm; the 
rectal temperature was 29*4'’C. On this day the young one was 



Tig. 87. Tachy-glojsus a. aeulratus, pouch young weight 307 g, entering 
pouch (Grimths. 1965b). (Reproduced from Comp. Dhchrm. Physiol) 


dropped from the pouch for good and from then onwards the 
mother’s pouch regressed quickly so that it was only a rudiment a 
week later (Fig. 72). ITtc supply of milk, howeser, was undimtnished 
and the mother made visits at irregular intenals of up to 1 J-2 days 
to feed the young one. 
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up; the lowest temperature observed in that period was 30*5°C and 
the highest was 3rC; the ambient temperature fluctuated between 
21® and 31®C. During the period of pouch life we disturbed the mother 
as little as possible for fear that her milk production would fall off, 
but after the young one left the pouch it was easy to measure growth 
rates and the quantities of milk imbibed at a feeding, without the 
disturbance of wrenching out the young one. During a 4-day con- 
tinuous watch four sucklings took place and by means of frequent 
determinations of body weight the milk intake at each suckling was 
measured. It was found that the day’s ration is taken in about half 
an hour and that this amounted to 7-10% of the body weight. This 
process of suckling was a touching sight: the mother would carefully 
move up to the young one, raise the snout and gently nudge him with 
it until he lay between her forelimbs, one of these would be used to 
push him well under the body. She would then arch her back to keep 
the venter clear of the floor and the young one would then hang on 
upside down, clinging to the abdominal hair with his forepaws. 

The young one takes the milk by sucking which is audible. From 
tape recordings of a suckling it was found that the rale was 1*27 
sucks/sec; at this particular feed 35 g milk was imbibed in 19 min 
actual sucking time: sonagram sound spectra taken from the record- 
ing showed that the noise had a wide range of low frequencies 
(Fig. 88) and that it could attain the pitch of 6 kc. Even at that pitch 
there was considerable energy in the sound which may be ascribed to 
the vigour of the sucking process. 

Plainly the young of Tachyghssits takes its milk by sucking and not 
by licking it off the mammary hairs, at this stage of its development 
at any rate; it is possible that newly hatched and early stages of 
pouch young get their milk by licking it up as it is ejected into the 
areolae. 

The fact that the pouch young about 500 g in weight can imbibe 
between 40 and 50 g of milk in a matter of minutes, coupled with the 
obsci^’ations that oxytocin can bring about a spontaneous flow of 
milk apparently by raising intra-alwolar pressure, argues that 
Tochyglosstis has a milk ejection mechanism like that of the Euthcria ; 
in connection with this argument it should be pointed out that al- 
though the pituitary gland of Tachyghssits elaborates oxytocin (p. 
122), it has yet to be determined whether or not sucking at the 
areolae induces a reflex secretion of oxytocin into the bloodstream. 

The pouch young that were studied in T, a. muliiacxth afits were 
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obtained at a much earlier stage of development than the one just 
described. Both were about 11 cm long and weighed about 100 g. 
This time we were prepared to take risks and remove them from the 
pouch daily to see how much and how often milk was imbibed and 
also to take milk samples frequently for analysis. However, our 
optimism was not justified since one of the echidnas, after two 
injections of oxytocin given a week apart, refused to suckle the young 
one and it died. The other echidna was phlegmatic and allowed us 
to take a series of milk samples after injection of oxytocin, during a 
period of 44 days observation. The changes of body weight and 
length of this pouch young are shown in Fig. 89. From this it is seen 
that the ratio of body weight to body length is much different from 
that in the T. a. acideatus pouch young and that T. a. multiaculeatus 
left the pouch when it was 15-5 cm long and weighed about 170 g, 
whereas T. a. aaileatus was over 400 g in weight and 21 cm in length 
when it was dropped. The Kangaroo Islanders, moreover, were 
precocious in other ways: they could scramble around actively when 
only 100 g in weight and spines were evident as early as the 12 cm 
body-length stage, whereas T. a. aculeatits was not really capable of 
co-ordinated movements when it was 800 g in weight and 25 cm 
long. These differences are probably sub-specific differences, but 
they could also be related to the large differences in size of the 
mothers; the T. a. multiaculeatus echidnas were 2800 and 3000 g in 
w’eight respectively, whereas the T. a. aculeatus specimen varied from 
4200 to 4500 g. However, this discrepancy in size between adult 
breeders may also be ascribed to sub-specific differentiation since 
echidnas of both sexes weighing more than 3000 g were not detected 
on Kangaroo Island with the exception of one female which weighed 
4200 g, whereas 4-5 kg females arc common in New South Wales 
and males come much larger. 

It is also apparent from Fig. 89 that the young one in the pouch is 
fed as infrequently as when it is living on its own; from the daily 
body weight measurements it appears that it was fed about 30 times 
in 40 days. 

Information on how long the pouch young stay in the pouch, and 
''hat happens to them in the bush when they arc cast out, is meagre. 
Semon’s aborigines found the first young ones outside the pouch in 
the middle of October, and the first egg in the uterus at the end of 
July, thus about 10 weeks would elapse between fertilization and 
casting out from the pouch. If one accepts the equivocal evidence of 
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buried in a little burrow. Apparently Semon himself observed a 
suckling lying in such a burrow for he says: “I was able to sub- 
stantiate this statement by finding fresh traces of the old echidna near 
the resting place of the young one, and the presence of milk in the 
stomach and intestine of the latter.” Confirmatory evidence has been 
published by Barrett (1942) and Hodge and Wakefield (1959). 
Barrett found a spineless, smooth-skinned baby echidna on its own in 
a burrow dug in sandy soil; Hodge and Wakefield found a female 
echidna and a very small baby echidna, that had a pelage and short 
spines, at the end of a burrow 4 ft long. The burrow was observed 
occasionally over a period of 3 weeks and on those occasions it was 
found to be alone, but since “it remained fat and healthy for three 
weeks”, it was assumed that the mother came back from time to 
time to suckle it. Just how long this keeps up no one knows but there 
is slight evidence that weaning in the Canberra district occurs in 
March since a very small echidna, about 29 cm long and 900 g in 
weight, walking about on its own, was token on March 22, 1965. This 
little animal ingested milk and custard but it would not eat termites; 
it seems likely therefore that it had been on a milk diet and has just 
been separated from its mother. In support of that notion is an 
observation of another tiny echidna seen in the company of a very 
large echidna on March 3, 1966. Unfortunately both of these escaped 
down a drain so it could not be ascertained whether or not the young 
one w'as still suckling. Since these echidnas, in all probability, had 
been born in the Scptember-Oclober breeding period of 1964 and 
1965 respectively, it suggests that the mothers look after their young 
for at least 3 months after dropping them from their pouches. 


Composition of the milk 

Marston (1926) published an account of some constituents of milk 
taken from a recently killed echidna whose pouch young (size and 
weight unspecified) had been removed 14 days before. With (he 
methods available at that time he found that lactose and casein were 
present and that the fat was triolein; no short chain fatty acids were 
detectable cither free or in triglycerides. The total solids were present 
in a concentration of 36-8 g per 100 g. 

Wc have obtained milk samples by squeezing the milk glands after 
oxytocin (7 lU/kg body wt.) had been injected Intramuscularly. The 
first 5-6 mrobtained in this way was used for analysis. Tlits milk is 
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far richer than that which flows subsequently. For example, an 
initial sample of 7 ml contained 47*0 g per 100 g solids but a further 
3 ml contained only 25 • 8 g per 100 g, moreover this particular sample 
of milk proved to be different in so far as the proportion of lipid to 
total solids was higher than that found in other samples (Table 1 1); 
the fatty acid complement of that lipid, however, was the same as in 
three other samples analysed (Table 12). 

The milk samples were taken from echidnas who were suckling 
pouch young at the stages of growth shown in Table II. From this 
it is seen that the milk fed to young ones weighing between 120 and 
600 g had practically the same concentration of total solids, i.e. 
about 48 g per 100 g. A substantial proportion of those solids was 
lipid — 14*8 to 35*0 g per 100 g in our samples, while Marston found 
19'6 g per 100 g. This author failed to detect short-chain fatty acids 
in the lipid and he was close to the truth when he found that the fat 
was triolein; the modern aids of thin-layer chromatography and 
gas chromatography show that 95% of the lipid is triglyceride 
(Griffiths, 1965b) and that the fat consists of a mixture of tri- 
glycerides of long-chain fatty acids of which oleic acid (Ci» 0 is in 
high concentration (Table 12). Under ordinary conditions of gas chro- 
matography short-chain fatty acids Ci-Cn are not found but with 
careful temperature programming small and variable amounts can 
be detected (Table 12). In this respect echidna milk is unlike those of 
ruminants since they exhibit considerable quantities of C|, Q, Cz 
iind Cj, acids, but echidna milk is quite like that of man and the pig. 
The milk of the former has little or no C*, Q, C| and Q# acids, 23 % 
Q« and 37% Cu;t (oleic) acids, the latter has about 1% each of 
Cl, C,, Ci and Q, acids, 27% Q, and 37% Cim acids (Ling, Kon, 
and Porter, 1961). 

As a matter of interest it may be mentioned, although the figures 
arc not given in Table 12, that all samples contained C,j and Qi 
branchcd-chain fatty acids, but since their identification is based on 
retention times only, these results arc regarded as tentative for the 
present. 

The high levels of linolcic (Ci»:t) acid in all samples, and of 
linolenic (Q,.,) and arachidonlc (Qa,) acids in the lipids otT.a. 
opilcaius, descivc comment. The high concentrations again empha- 
size the similarity of the lipids of human and pig milks to echidna 
*nilk since these contain 8, 15, and 7-27-10’2% of linolcic acid 
respcctbcly, whereas the milks of various ruminants contain 1-5% 
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only. Linoleic, Hnolenic, and arachidonic acids are not usually 
synthesized by animals but they are essential for growth, so they 
must be ingested like vitamins. However, in echidnas fed milk, eggs, 
blood, and liver, the body fat contains only traces of linoleic, and no 
iinolenic and arachidonic acids (Bolligcr and Shorland, 1963). T is 
raises the question of the source of the essential fatty acids foun in 
the echidna milks; one possible source is the termite ration inclu e 
in the custard fed to our suckling echidnas. No determinations o t e 
fatty acids in Nasutitermes exitiosm have been made yet but it is 
known that other insects contain large amounts of polyunsaturated 
fatty acids— diene and triene C„ acids accounting for 54-88 % of the 
total fatty acids found in some insect fats (Gilmour, 1961). Further- 
more. it will be recalled that the fat of Iridomyrmex delectus virgin 
queens was liquid at ordinary temperatures suggesting a high degree 
of unsaturation (p. 25). It is entirely possible therefore, that 
insect-fed echidnas would have a body fat containing much h'B’’®'' 
amounts of linoleic acid than Bolliger and Shetland’s echidnas 
did. . 

The mineral content of echidna milk presents nothing notable 
(Table 11). Concerning the amount of iron in echidna rnilk, it was 
stated (Griffiths, 1965b) that it was barely detectable, as judged by the 
method of atomic absorption, in a very small sample of imlk taken 
from T. a. aculeatus when the young one weighed 850 g. Neverthe- 
less, determinations of haemoglobin in the blood of that young one, 
made throughout the observation period, showed no sign ol an 
anaemic condition. The levels observed were 15 0, 10-8, 9-6, 12- /. 
and 10-7 g per 100 ml and the average haemoglobin content ol the 
mother’s blood was 15 g per 100 ml. Likewise the young of r. a. 
muhiacideatus had normal haemoglobin concentrations \v i e it was 
under observation, the values were: U-7,9-8, *0' 

100 ml; the average for the mother was 12*5 g per 100 ml. These 
concentrations of haemoglobin arc practically the same as t osc 
found by Kaldor and Ezekiel (1962) in the blood of the pouch young 
ot Selonix brachyuHLS, a macropodid marsupial. The values observed 
ranged from 9-6 g to 13-6 g per 100 ml. Setonix, however, has ample 
quantities of iron in its milk for most of the lactation period but a 

weaning time the iron content falls precipitately (Kaldor and Ezekiel) 

—something like this may happen in Tachyglossus at weaning which 
may account for the trace quantity of iron found in the milk w hen 
the pouch young weighed 850 g and it is not unlikely that echidna 
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mak at earlier stages of lactation wUl prove to have ample quan- 
titles of iron.^ 

Information on the carbohydrates is inconclusive and conmctiog. 
Marston found that the redudng power of the carbohydrate ir^cjion 
of his sample was equivalent to 2*81 g “lactose per cent an e 
prepared from that fraction what appeared to he a lactosazone. 
However, recently Kerry and Messer (pers. comm.) failed to detKt 
lactose chromatographically in a sample of echidna milk. Neverthe- 
less, the milk had a reducing value equivalent to 2-8 g lactose pM 
100 g milk. They will investigate the identity of the reduemg sul^ 
stances in the milk when more samples become available. Should a 
echidna milks prove to have little or no lactose, this will not be 
unusual since lactose, although it is present, is not the predomii^^ 
sugar in the milk of marsupials (Jenness, Regehr, and Sloan, 19 ). 
these milks contain considerable quantities of glucose, galactose, 
and various oligosaccharides. However, the composition varies am! 
the stage of lactation and no doubt echidna milks will also prove to 
be variable In composition as far as carbohydrates are conceme . 

Doctors H. Mackenzie and W. H. Murphy of the department o 
Physical Biochemistry, Australian National University, have made a 
preliminary examination of the proteins in the sample of milk taken 
from one of the T. a. muUiacuteatus females when the pouch young 
weighed 386 g (Table 1 1). They found that the total protein content 
was 7*3 g per 100 ml and that about 60% of that protein "as 
prccipitable at pH 4*6. This precipitate is casein as defined by Sloan, 
Jenness, Kenyon, and Regehr (1961) and the supernatant is the whey 
protein fraction. Comparison of starch-gel electrophoretic pattern ol 
the whey proteins with those of bovine whey proteins showed that 
none of the echidna proteins had the same mobility as any one of the 
bovine whey proteins. The starch-gel electrophoretic pattern of skim 
milk treated with 6*6 mol. urea — 0*2 mol, mercaptoethanol revealed 
the presence of about 14 bands moving anodically and one band 
cathodically (probably an immunoglobulin). Comparison of these 
patterns with those of bovine skim milk, bovine a, -casein and 
bosine ^-caseins indicated no close similarity in patterns. This is not 
remarkable since Sloan et al. found that the electrophoretic patterns 
of whey and casein fractions of the milks of 40 species of mammals 
were different in each species; whey proteins in particular showing 
much variation, c.g, the whey of Dama dama exhibited two bands 
* See Arpenda II. 
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whereas six were detected in that of Equus qitagga’, the band patterns 
of the caseins were also different in the various species. 

The identification of the whey proteins in echidna milk will await 
further electrophoretic and immunological examinations coupled 
with comparison with blood serum proteins. Mackenzie and Murphy 
intend to continue this work on echidna milk when more samples 
come to hand. 



CHAPTER 10 

CIRCULATORY SYSTEM AND BLOOD 


the circulatory system 

The heart is four.hambered so that 
separate circulations. Since the ‘‘'"f arch 

venous blood from the right auncte gMS m o he pu ry 
and all the arterial blood from the left ventricle into the sy 

°°The sinus venosus is incorporated jesupSor 

auricle and the three great veins (left and "5h< ^^,y. 

and the vena cava inferior) open directly into the . Tacky 

Sinu-auricular valves are as well developed i" Snary “S' 

gtenr as they are in those of the Sauropsida. The is 

open separately into the left auricle since their common stem 

absorbed into its wall, .line The 

The atrioventricular valves are extraordinarily ^ 

right atrioventricular ostium is guarded by a valve which 
for the most part of a large muscular flap arising from aro 
ostium; its movement is limited not by 
extensions of the papillary muscles from the ventncle wall a 
actually invade the muscular substance of the distal portions 
valve. There are three of these papillary muscles: the great 
muscle column, right anterior muscle columu, and the let 
column. The left atrioventricular ostium is surrounded by 
cuspid valve, the flaps of which are thin and membranous an 
controlled in their extent of movement by papillary muscles exten 
out from the ventricular wall. As in the right ventricle there 
chordae tendiniae but the membranous flaps of the valve are 
invaded by the substance of the musculi papillares; they 
attached to the flap and do not spread through it. According 
Lankester (1883) there is no septal flap at the right 
ostium, but Rose (1890), on the other hand, did find one, an 
finding was confirmed by Hochstetter (1896). The septal flap va 
210 
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is said to be very like that in the crocodile heart, and as a matter of 
fact, the fleshy right atrioventricular valve is also very like that 
found in the hearts of the Sauropsida. 

Although Prototherians and birds have both achieved two 
completely separate circulations in the heart they have done so by 
different means. This is best understood from Hochstetter s descrip- 
tions of the development of the arterial arches in Tachyglossiis. As we 
have already seen (p. 124), the pharynx during the course of its 
development produces a series of branchial pouches, and related to 
these pouches are a series of arteries, the aortic arches, which connect 
the ventral aorta with the dorsal aortae or trunks. The latter fuse to 
form one aorta conducting the blood posteriorly. 

At the earliest stage (40) of development that Hochstetter ex- 
amined, three pairs of arterial arches are present, numbers 3, 4, and 
6; only rests of the first two pairs of arches arc apparent, but the 
basal stem of each pair on each side is present; these two stems 
become the external carotid artery of each side. No trace of the 5th 
pair of arches is detectable. The 6th arch, which arises at the truncus 
arteriosus, has a branch on each side leading back to the lungs and a 
dorsal connection with the aortal trunk of each side; this connection 
is the ductus arteriosus or ductus Botalli. 

At stage 42 the three pairs of arterial arches are still evident but 
the right partner of the 4th pair is clearly smaller than its partner on 
the left. Likevrise the right dorsal aorta is much smaller than the 
left and that part of the right aorta between arches 3 and 4 is begin- 
ning to atrophy. The anterior dorsal part of arch 3 on either side 
becomes the internal carotid, and the very short ventral part of the 
arch posterior to the level of origin of the internal carotid becomes 
the common carotid artery. 

The ventral aorta is divided into a dorsal pulmonary and a \cntra 
aortic (carotid-systemic) channel by a septum; this subdivision is 
carried back through the truncus arteriosus to its origin at the 
ventricles, the right ventricle leading into the pulmonary part of the 
truncus and the left into the systemic channel. 

The two subclavian arteries arise from the dorsal aorlae, near their 
union which forms the dorsal aorta, at the level of the 7lh ccmcal 
segment. 

Stage 43 shows little difference from 42 save that those parts of the 
dorsal aorta between arches 3 and 4 arc reduced to fine threads and 
the ductus BolalH on the left side shows signs of atrophy. At stage 44, 
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the ductus Botalli, on the right side, as well as that on the eft i 
heginning to undergo atrophy. The right dorsal aorta caudal to the 
origin or the right subclavian is now a shrunken remnant of a blooa 


At stage 45 the right dorsal aortal trunk having disappeared, the 
right common carotid and subclavian arise from an artena in- 
nominata which in turn arises from the remnant of the ng 
arch. The left common carotid and the left subclavian arise ® ^ 

from the left 4th arch which is now called the aortic arch. At birt , 
stage 46, the remaining ductus Botalli is obliterated so that all blood 
from the right ventricle is now directed solely to the lungs and a 


Right common carotid 



Fig. 90. Systemic arch of adult Tachyghssus aculeatus. After 
Hochstelter (1896). 


blood from the left ventricle passes to the left systemic-carotid arch. 
The anatomy of the arterial system in this and in stage 47 corresponds 
in all essential respects with that of the adult (Fig. 90). It is also like 
the arterial system in any other mammal but is quite unlike the 
arterial system in birds, which haw achieved separation of venous 
and arterial blood by obliteration of the left 4th arterial arch so that 
all arterial blood from the left ventricle is directed into the right 4th 
arch. 

The arterial supply to the kidneys and their typically mammalian 
venous drainage have already been described; the circulation of 
Tachyglosnts presents little else of interest, speaking in a phyletic 
sense. Those interested in descriptions of the fine anatomy of the 
circulatory system should consult the monographs of Hyrtl (1853) and 
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Hochstetter (1896), and the paper by Shellshear (1930) on the circula- 
tion in the head of Tachyglossus, 


BLOOD 

The red blood cells of Tachyglossus aculeatus setosus were shown 
to be of the non-nucleated mammalian type by Davy (1840), he 
thought his echidna was the species hystrix but since he says it came 
from Van Diemen’s Land it must have been the subspecies setosus. 
Owen (1845) confirmed Davy’s report that “the blood discs were of 
the true mammalian type in number, size, and form”. He fo und t hat 
they were flat and circular and had an average diameter of 3200 in. 
Briggs (1936) apparently rediscovered the mammalian nature of the 
erythrocytes and Bolliger and Backhouse are under the impression 
that they have confirmed Briggs’ discovery. 

Bolliger and Backhouse (I960) have made a thorough study of the 
haematology of blood samples from 43 echidnas. In 13 of ^Bese 
animals deemed to be normal, average haemoglobin value was found 
to be 17*4 g per 100 ml with a rangeof 16’5-19’4 g. They are of the 
opinion that this level is higher than that encountered in most other 
mammals. However, wild eutherians and metatherians exhibit higher 
haemoglobin values than these (Griffiths, Calaby, and McIntosh, 
I960; Ealey, 1967); moreover, Bolliger and Backhouse found that 
echidnas kept in captivity for several months have a haemoglobin 
content 1-6 g% lower than the normal range. 

The erythrocyte is a non-nucleated biconvex disc the diameter of 
'vhich is approximately the same as that of a human erythrocy^. 
Nucleated red cells in the form of normoblasts were found when the 
haemoglobin content was 4 g less than the average normal value. 
Anisocytosis was detectable under those conditions. The red cell 
counts varied from 6 • 8 to 9 -2 million/mm’ and the mean corpuscular 
haemoglobin content varied from 21 to 25 gamma gamma (av. 23). 

The granular leucocytes arc of the mammalian polymorphonuclear 
type but the nuclei of the neutrophils show a larger number of lobes 
than those in man. In echidnas suffering from pyogenic infections, 
neutrophils account for 50% of the total leucocyte count and, m 
extreme cases, 90%. The relative proportions of the various white 
fells in the blood of normal echidnas are given in Table 13 ; from this 
it is seen that basophils arc absent and eosinophils arc practically so. 

As far as blood scrum proteins arc concerned, Roberts and Seal 
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Hgb. 

R.B.C. 

W.B.C. N. 

E. B. 

L. Mo. 


6-9 

8*7 12 

0 0 

87 1 



6-6 40 

0 0 



7-0 

9-9 44 

0 0 

54 2 


7*3 

28 

0 0 




24 




6-9 

5-0 15 

0 0 


18*6 


7-6 32 

0 0 

6/ 1 

17*8 





17-5 

7-5 




19-4 

9-2 




16-6 

6-8 




16-5 

7-0 

7*8 34 

0 0 

65 1 

17*5 

7-0 




anl 17*4 

7-3 

7-6 29 

0-1 0 



AbbreviaUons: Hgb., Haemoglobin g per 100 ml; R.B.C., red 
millions/mm’; M.CH., mean corpuscular haemoglobin m miCTorwCTOgraTO, 
W.B.C., leucocyte count in thousands/mm*; N., neutrophils; E., eosinop 
B., basophib; L., lymphocytes; Mo., monocytes, all in per cent. 

• Reproduced by permission of the Zoological Society of London. 

(1965) studied protein components resolvable by ultraccntrifugal 
analysis and they concluded that the three groups of mamma s 
Prototheria, Mctalheria, and Eulheria contrasted with other classes 
of vertebrates have a common pattern of protein components in their 
sera. What is very much needed right now is an electrophoretic 
analysis of echidna serum and identification of the proteins especial y 
in connection with studies of synthesis of milk proteins. 

Average normal values of various constituents of the blood have 
been published; fasting blood sugar level in adults varies from 5 
to 98 mg per 100 ml and in pouch young from 102 to 292 
(Griffiths, 1965a and b). The blood sugar in that work was determined 
by the Hagedorn-Jensen method which measures total reducing 
value, however, in protein-free filtrates of blood treated with glucose 
oxidase, 92% of the reducing value was found to be due to glucose so 
the Hagedorn-Jensen method pves a reasonably good estimate of 
the true blood sugar level. Plasma uric acid concentration varied from 
not detectable to 0-9 mg per 100 ml (Denton, Reich, and Hird, 
1963; Griffiths, 1965a) and the average blood urea level is 50 wg/o 
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in adults (range 29-92) and varies from 128 ing% to 67 mg% 
pouch young. Reduced glutathione in the blood of adults varies from 
6-4 to 35 -0 mg per 100 ml (Griffiths, 1965a) and the ionic composition 
of echidna plasma has been determined by Denton, Wynn, McDona 
and Simon (1951); the figures expressed as mg per 100 ml compared 
with those from man show that there is a close similarity. 
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Fantl (1961) has studied some factors that influence clotting time 
in the blood of various vertebrates including echidnas. No evidence 
of consistent relationships between phyletic status and the rates o 
the various reactions involved in coagulation was found . For examp e, 
the relative rates of the thrombin-fibrinogen reaction in vanous 
'ertebrates were found to be as follow: 
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CHAPTER 11 

AFFINITIES OF THE PROTOTHERIA 


The determination of the relationships of .f *" 

mammals is not easy for the reasons that the 
of Pleistocene age and are not very dilferent l^rom present y 
and that extinct primitive mammals are classified large y 
morphology of their teeth; this is not helpful since tachyglossids have 
no teeth and OriMorhyncIms exhibits the degenerate remains o 

molars only during the early stages of growth. 

Simpson (1945) In his Principles of Classification and a 
Hon of Mammals considered that there are only two reasonaD 
theories of the relationships of monotrcmes : 

that they have evolved independently and in isolation from 
period of mammalian history, perhaps even from the reptilian an^W. 
that they were derived from very early marsupials and oviC tne pw 
nature to divergent specialisation, retention of ancient marsupial «ara . 

some degeneration, and perhaps also reversion. There is much to tie saiu 
the latter view, but the former seems more probable, is more commoniy • 

and is reflected m this and m almost all other classifications. 


I should like to consider the two sets of evidence that support these 
different views of the affinities of the monolremes. _ ^ 

As we have seen the essentially mammalian Prototheria exhibit a 
profuse array of what, doubtless, are therapsid reptilian characters, 
pilae antoticae and separate trabeculae in the chondrocranium» 
cartilaginous scleral cup in the eye, lagenar macula in a virtually 
uncoiled cochlea; precoracoids, coracoids, and interclavicle in 
pectoral girdle, vestige of a post-temporal fossa in the skull (Orni- 
thorhynchus only); Zwergkanalchen in the Iddney; pars intercahs 
encephali and dorsally located ambiguus and hypoglossal nuclei lO 
the brain; intra-abdominal testes; macro- and micro-chromosomes, 
large yolk-laden egg, meroblastic cleavage, and yolk navel; ovipanty* 
and a muscular valve in the right ventricle of the heart. The notion 
that monotrcmes are closely related to early Mesozoic mammals 
and have achieved, by parallel evolution, characters like those of 
216 
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other living mammals, stems from the fact that in late Triassic 
deposits in many parts of the earth fossils are found which also 
exhibit mammalian and therapsid characters. The line of demarca- 
tion between therapsid reptile and mammal is an arbitrary' one and 
necessarily so since there are many skeletal characters that distinguish 
mammals from reptiles, but the evidence of the fossil record shows 
that they did not all arise at once. In fact, some “mammalian” 
characters are discernible in fossils of the late Carboniferous, but 
as late as the early Cretaceous the occurrence of incus, malleus, and 
single dentary in some animals otherwise considered to be mammals, 
was not universal. Consequently, the convention has been adopted 
that if a squamoso-dentary suspension is present, the animal is a 
mammal; if a quadrato-articular suspension is exhibited, the animal 
IS deemed to be a mammal-like reptile, i.e. if other mammal-like 
characters, such as a single arch between maxilla and squamosa! or a 
soft palate and so on, are present. There has been some discussion 
about this recently (Valen, 1960; Reed, 1960) and a proposal was 
made to include the Therapsida in the class Mammalia. Simpson 
(I960, 1961), supported by Patterson and Olson (1961), maintained 
that this arrangement was just as arbitrary and lacked the merit of 
providing a sharply defined single anatomical criterion of mammalian 
status; there the matter rests. 

The order Therapsida is made up of two divergent groups, the 
herbivorous Anomodontia, and the carnivorous Theriodonlia 
('Vatson and Romer, 1956). Both these groups acquired gradually, to 
Olson’s (1959) apt expression, “suites of characters” that were 
rnammalian in nature and which do not occur in other reptilian 
Sroups. The anomodonts culminated in the Dicynodontia which, as 
We have noted, had pectoral girdles like those of monotremes (p. 74). 
The Theriodonlia were represented by a number of forms including 
members of the infra-orders Bauriamorpha and Cynodontia. 
apparently followed parallel lines of evolution so that in the 
lower Triassic the members of both infra-orderh exliibitcd secondaiy 
Palates, elimination of the post-orbital bar, and hclcrodonl dentition 
"•hich consisted of incisors, canines, and cheek-teeth. In the bauria- 
^orphs the latter were simply tall, pcg-likc cylinders somewhat 
broadened mcdio-lalcrally with llaltened grinding surfaces. In the 
^nodonts, howc'cr, there were well dcsxlopcd and numerous cheek- 
teeth which exhibited a mdi.'ition of crown development an.ilogous 
to that seen in later m.nmmals. I.c. the c>’nodont "molar” presented 
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expansion inward from a primary cusp in the upper jaw and an 

"C ^^odontia^he -f 
the Tritylodontia, which flourished in the late mammal 

Jurassic respectively, displayed such a mosaic of reptile and mamma 
ctaraeterrSat the^ are treated simultaneousiy. but y- “ 

Therapsida by Romer (1961), and as mammals 
One of the Ictidosauria, Diartlirosnathiis, appears t 
Sdeular-quadrale and ineipient squamoso-dentary art.eulat.on of 

*ro"r.h”oI;f tere practicaily prinriti^^^^ 

they were speeialized at the same time, espeeially as ^ ‘ 

were concerned. These were dilTerentiated into 

molars and enlarBcd incisors which were separated from ‘h= 

by a diastema. In the ictidosaurs the molars were transverse 

main cusp, and, in some teeth, a small aecessoiy ^.ITnd 

and Simpson feel that the structures of the teeth of 

of the ictidosaurs do not suggest affinities with other 

mammals. Similarly, the advanced bauriamorphs and cynodon 

appear to be specialized end forms but Romer states : 

We cannol rule out the possibility ot mammalian “"Sihf 
and less specialised members of either-or •’"’’’-f'""!’®' °o„ps 

towards mammalian status in parallel fashion . ■ ■ Hi ™mmals 

from one ot both of which it is not unreasonable to ^heve „ 

may have arisen. But despite gradual advances in knowledge m rranl J 
we are little farther along m working out a detailed phylogeny t 
were several decades ago. 


If he were really pushed to choose, “on the basis of the feeble evidence 
yet available”, between the Bauriamorpha and the Cynodontia as 
ancestors of the Mesozoic mammals, Romer would put his money on 
the Cynodontia. 

In spite of the multiple crossings of the mammal-reptile line there 
is a poor muster of fossilized remains of Mesozoic mammals, most y 
in the form of teeth, jaw bones, bones of the pectoral girdle, and o 
skull fragments. These have been classified by Patterson (1956) an 
Kermack and Musset (1958) as follow: 


Subclass Theria 

Infraclass Pantothcria 
Order Symmetrodonta 

Order Pantothcria (Eupantotheria of Kermack and Musset) 
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Infraclass Metatheria 
Order Marsupialia 
Infraclass Eutheria 
Order Insectivora, etc. 

Subclass Allotheria 
Order Multituberculata 
Subclass Eotheria 
Order Docodonta 
Mammalia of uncertain subclass 
Order Triconodonta 

Among other insinuations, the monotremes stand accused of being 
related to the docodonts, so the relevant anatomy of these fossils will 
be dealt with in some detail. 

The first Docodonta discovered were assigned to two genera, 
Docodon and Perahcynodon, and were known only from upper and 
lower jaws. It appears, however, that the diagnosis of Perahcynodon 
was based on milk-teeth (Butler, 1939; Simpson, 1961) and that 
Perahcynodon may be synonymous with Docodon. The latter is 
found associated with pantothere remains in late Jurassic deposits in 
England and the United States. The docodonts used to be classified 
with the pantotheres but since the upper and lower molars are 
irregularly quadrate with a crushing occlusion rather than triangular 
with the embrasure-trigonid occlusion characteristic of pantotheres, 
Patterson (1956) removed the docodonts from the order Pantotheria 
and made them into an order of uncertain subclass. The lower jaw 
of the docodonts exhibits a ventral process resembling the thcrian 
angular process; Patterson (1956), however, argues that it is not 
homologous with the thcrian angle because it docs not sen’c for the 
attachment of the ptcrygoideus muscle. Patterson may or may not be 
right about the nature of this angle, but I cannot agree with his 
reasons for rejecting it as a homologue of the thcrian angle since 
function has nothing to do with the concept of homology ; one might 
argue on those lines that the quadrate and the incus arc not homo- 
logous because they have different functions. However, to continue 
" ith the jaw structure of docodonts. Above the angle running along 
the medial aspect of the jaw-bone is a broad trough or sulcus. This 
commences at the jaw margin abox'C the posterior end of the angle 
and runs forward to the mandibular foramen where it terminates. 
Dorsally the trough is separated from the pterj'goid fossa by a ridge. 
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similar ridge and he fo™^ 'he 

,he artienlar (Watson 194^. ^^faentary condyle. 

l:riSc”;hle glenoid 

'S‘::s?STJiurf^^ 

Cm\l Ind MuVeU1958) tave’deseribed 'h= 

^^rre'r— t^e basis of its t^no- 

dont-like teeth in the upper jaw. Patterson (1956), ® ^ „ 

with this diagnosis and suggested that 

might he related since they had similar jaw structmes. 

Musset in their reassessment of the affinities ot exhibits 

to the same conclusion. The lower jaw of Mnrgmmco*'' «^ 
evidence of vestigial articular-quadrate hingeing as 'T^' 
dentary-squamosal suspension; indeed m one SP'O'"’"’ “f 
ucodm the trough on the medial aspect of the jaw was found to he 
roofed by a broken hone which is taken to be, at the suggestion 
D. M. S. Watson, the anterior end of the pre-articular or ot 


Although the molars of morganucodonts resemble those of 
tricondonts, the similarity of the structures of the jaws in 
and Morganucodon seems to be the over-riding consideration, so tn 
two genera are included by Kermack and Musset in the or 
Docodonta of the subclass Eotheria, This is somewhat confidently 
diagnosed by these authors as “distinguished from all other su - 
classes of the Mammalia in that the malleus and the incus forrn 
subsidiary part of the jaw suspension, the major part of this being 
formed by the squamosal and dentary in a typically mamma tan 
manner”. . 

The members of this subclass are thought to be related to 
monotremes because Kermack et al. (1956) considered that t e 
petrosal (periotic) of Morganucodon is strikingly like that of mono 
tremes in that it forms a thin anterior lamina perforated by a foramen 
for the passage of the mandibular branch of the trigeminal (V) nerve. 
In accordance with the nomenclature used for the monotreme sku 
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they called this the foramen pseudo-ovale. These authors feel that 
those relations indicate affinity between docodonts and monotremes 
and that together they represent a side-branch of the main line of 
mammalian evolution. The reason advanced for this is that the 
petrosal plate has no adaptive significance and therefore it seems 
unlikely to have arisen independently in Morganucodon and in the 
monotremes! Be that as it may I feel that the main argument is 
untenable since the sphenoparietal fissure in echidnas, at least, is 
filled by an alisphenoid which is perforated by the foramen ovale; 
for this reason the foramen has been labelled ovale in Fig. 23 and not 
pseudo-ovale. 

This criterion of the relations of the foramen ovale was used inter 
oHa to distinguish Morganucodon from the triconodont, Sinoconodon 
figneyi by Patterson and Olson (1961). Sinoconodon was found in 
Iflte Triassic deposits in China and is one of the earliest mammals 
known; the lower jaw, however, is less reptilian than that of Morgan- 
ucodon, The periotic, on the other hand, is similar in the two animals, 
but in an apparently young Sinoconodon (specimen C.U.P. No. 5), 
Patterson and Olson found evidence of a suture between the base of 
the alisphenoid and the periotic, and this suture can be traced above 
the foramen ovale. Patterson and Olsen conclude that: 

There is reason, therefore, to believe that the foramen in Sinoconodon is a 
true foramen ovale, completely or almost completely surrounded by ahs- 
phenoid. If this is correct and IfKermack and Musset are also correct, as 
seems very likely, then there is a marked dilTcrencc between Sinoconodon 
and the Pant morganucodontid in this area, in spite of the fact that the 
topographic relationships of the major structures are otherwise very similar. 

Since the alisphenoid and foramen ovale can only be diagnosed in 
young echidnas weighing between 2 and 3 kg, the sutures between the 
periotic and the alisphenoid fusing together in older echidnas, it is 
possible that this is the case with the periotic of Morganucodon; 

J um willing to lay a shade of odds that, when a young specimen of 
^iorganucodon turns up, it will exhibit relations of the foramen ovale 
identical with those of Sinoconodon^ specimen C.U.P. No. 5. There 
>s then, at present, no evidence that monotremes arc related in any 
special way to any docodont ; admittedly both the docodonts and the 
uionotrcmcs have coracoids and precoracoids in their pectoral 
^rdlcs but this distinction would relate monotremes to any of the 
Tlicrapsida as much as it would to Docodonta or, probably, to any 
other of the subclasses of early Mesozoic mammals. 



222 


ECHIDNAS 


This conclusion leaves for consideration the second 
Simpson (1945) to the effect that monotreraes are <0 

marsupials. It should be noted, however, that S™P^°" ^ ’ „„ 

some 19 years after he admitted that this was a rational 
longer regards it as a possibility, and he has summarized h p 
position in the following: 

The phenomenon of parallel trends may be 
sliiking large-scale example. The living I suggesled 

are clearly of monophylelic denvalion strongly 

that the known Mesozoic mammals arc not. Tl^^at ito has 
supported by later studies and now seems , he usual 

different lineages probably crossed the conventional ['"0 P'o "g 
distinction between reptiles and mammals at ubemt 'he sym- 

one independently: trttylodonts, multitubcrculate , nlaccntals are 

metrodonts, docodonts, and panloth^. The mursuptah and p 
derived from the pantotheres (sentn too, at least). The monrt m 
derived from one of the other Mesozoic orders or may represent s 
separate crossing of the line.' 

Exclusion of ancient marsupials from close relationship to 
tremes seems to date from Patterson’s (1956) paper on the struc wr 
of the teeth and jaws of early Cretaceous mammals. Bp'"/™' . 

and Simpson (1961) express a high degree of confidence 
that early Cretaceous marsupials and eutberians, and 
cendanls, are members of a taxon — the Theria, since these a a 
tribosphenic molars and their jaws are furnished with angles wm 
in the case of the metatherians are inflected. Of the tribosp eui 


molars Simpson (1936) says: 

... the IribosphenK dentition must have been typically develo^d 
time when the marsupial and placental stocks separated, for the 
marsupial and msectivorc or cr«>dont molars agree in so many result 

such minute details that it is almost inconceivable that this can be the 
of parallelism or converg^ce. 

The Pantotheria are also included in the Theria since their molars, 
although not tribosphenic, are related to those of Metatheria an 
Eutheria and since the pantotherian lower jaw also has an ang e 
(uninflected) considered by Simpson (1961) to be “clearly homo- 
logous with that of later Theria”, a statement of some confidence m 
this context of parallel evolution involving multiple, independent 
transformations of jaw-bones into intricate sets of ear ossicles. 

The transitory molars of young platypuses, the one monotreme 


* Quoted from G. G. Simpson, TJiis View of Life, the World of an Eiolutionislt 
Harcourt Brace and World (1964). 
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that has teeth, not siurprisingly exhibit little relationship to the adult 
molars of members of the above groups: Gregory (1947) found a 
superficial resemblance of the molars of young wombats to those of 
the platypus and Butler (1961) detected resemblances of the occlusion 
pattern of the molars of triconodonts, symmetrodonts, and of 
pantotheres to that of Ornithorhynchus. 

The lower jaw of the platypus has no angle but a vestige of one is 
present in Tachyglossus (Fig. 91). The reduction in size of the angle 
is due, presumably, to the atrophy of the jaw musculature analogous 
to that found in the little nectar-eating marsupial, Tarsipes spenserae; 
here there is no trace of angle or coronoid process in the lower jaw. 
It is probable, however, that an inflected angle was present in the jaw- 
bones of the conventional forebears of Tarsipes and it is possible that 



the angle was inflected in the ancestors of Tachyglossus but this can 
no longer be determined in the descendants. Patterson (1956) is of 
the opinion that the echidna angle and that of thcrians were evolved 
independently; this may be true but again I cannot subscribe to his 
conviction that the two angles arc analogous rather than homo- 
logous, for the consideration that they subsc^^■e different functions. 

On the face of it, the evidence of morphology of molars indicates 
that Metathcria and Eulhcria arc closely related and that Prolotheria 
are not related to either of these groups. However, this conclusion is 
biased on but one line of cNidence and, as Simpson (1945) advocates, 
the evidence from genetics, embryology, anatomy, physiolog>’, zoo- 
geography, etc., should be enlisted for the determination of phylo- 
geny and classification. If this is attempted in the case of the lising 
Metathcria and Euthcria, it can be seen that they have a large number 
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of characters in common which, apparently, arc of phylogenetic 
significance since they arc not exhibited by the Protothena: 

1. The posterior portion of the jugal participates in the formation 
of the glenoid cavity. 

2. The cochlea is coiled. 

3. Dentition is tribosphcnic. 

4. The pectoral girdle has clavicles, reduced coracoids, no pre- 
coracoids, and no interclavicic. 

5. All the atrioventricular valves of the heart are membranou 
and are anchored by chordae tendiniae. 

6. Sphincter colli differentiated into superficial and deep layers. 

7. The testes are housed in a scrotum. 

8. The adrenals have a central medulla surrounded by a cortes 
differentiated into 2 ones. 

9. The pons Varolii is situated anterior to the emergence of c 
trigeminal nerve. 

10. The eggs are small, cleavage is holoblastic, and the cmbiyos 
are nourished by placentas. 

11. Birth is viviparous. 

12. The mammary glands discharge through teats. 

13. The chromosomes are macrochromosomal, and helcro- 
gamety is of the XY-type. 

The phylogenetic significance of some of these characters is more 
apparent than real; I will discuss those that are of equivocal sig- 
nificance, i.e. numbers 4, 7, 10, ll, 12, and 13. 

4. The pectoral girdles in adult eutherians and metatherians are 
identical but that in the marsupial pouch young passes through a 
condition resembling the monotreme pectoral girdle. This does not 
occur in the young eutherian. 

7. The scrotum may or may not be homologous in the two infra- 
classes since in the Metatheria it is always situated anterior to the 
penis. As far as I know this happens in only one order of the Euthena 
— the Lagomorpha. Some Eutheria lack scrotums. 

10. The metatherian egg is different from that of the eutherians in 
that it is surrounded by albumen and a shell membrane. Although 
the metatherian egg contains yolk, cleavage is holoblastic but this is 
followed by extrusion of the yolk and the formation of a monotreme- 
like unilaminar blastocyst. A bilaminar blastocyst is then formed by 
processes that are similar in the monotremes and marsupials. 
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Before this takes place the mammary gland of the mctathcrian passes 
through a stage of development that resembles closely the structure 
of the monotreme mammary gland, even to the formation of mam- 
mary hairs. With eversion of the marsupial nipple the mammary 
hairs arc shed. In eutherians mammary hairs are never evident but 
hair anlagen do appear flcetingly; the simple process of hetero- 
chronic retardation (de Beer, 1930) may account for the absence of 
difierentiated mammary hairs during eutherian ontogeny, but we can 
only accept the evidence at its face value which suggests that the 
marsupial mammary gland is more closely related to the monotreme 
than it is to the eutherian gland. If this is so the possibility that the 
teats of Metatheria and Eutheria have evolved independently cannot 
be discounted. 

13. The chromosomes of Metatheria are large and few in number, 
diploid numbers varying between 11 ; 10 $ and 24 (Sharman, 

1961). There is a possibility that one species has a diploid number of 
28 (Drummond, 1933). The average number of chromosomes in the 
large number of species studied to date, is 1 8 but, as Sharman points 
out, no marsupial has 18 chromosomes (with the exception of the 
hybrid Macropus hagenbecki), but there is a bimodal distribution of 
chromosome numbers with peaks at 14 and 22. In eutherians the 
average number of chromosomes is 47 with a unimodal distribution, 
the modal number being 48. In general eutherian chromosomes are 
smaller than those of marsupials, thus on the evidence of the number 
and morphology of their chromosomes the Eutheria and Metatheria 
are as distinct from one another as they both are from the Prototheria 
with their XO heterogamety' and differentiation into macro- and 
micro-chromosomes. 

As well as the structures already discussed, monotremes and 
marsupials also enjoy two or three other structures in common which 
they do not share with Eutheria: the marsupial bones of the pelvis 
are patently identical in the two groups; all marsupial and mono- 
treme spleens are tripartite in structure; the ear ossicles in both groups 
show a hammer with a large handle, and a large open tympanic 
while the stapes is columelliform (as is the case in the eutherian, 
Manis jaianicd). The metatherian ear is distinct, however, from that 

I Bick and Jackson iNaiure, 1967; 214, 600-601) have recently admitted the 
possibility that the echidna sex deteimining mechanism may be of the nature of 
X|XjX,Xi, XiX*Y rather than XX, XO. Since the former configuration is known 
to occur in Metatheria and Euthena, the force of this part of the argument is 
decreased somewhat. 
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of the Prototheria and the Eutheria in that a backwardly directed 
flap of the alisphenoid covers the middle ear. 

The brains of Metatheria and Prototheria lack the third commis- 
sure, the corpus callosum, linking together the two halves of the 
eutherian neopallium, but all three groups of mammals are distinct 
as far as the relations of the sensory and motor areas of the cortex 
are concerned. 

Gregory (1947) was so impressed with the likeness between 
marsupials and monotremes that he proposed that they should be 
included in a taxon, the Marsupionta, the class Mammalia being 
classified as follows: 


Class Mammalia 
Subclass Marsupionta 
Order Marsupialia 
Order Monotremata 
Subclass Monodelphia (Placentalia) 

This classification ignores the fact that the Metatheria and 
Eutheria enjoy a lot of characters in common, yet it does suggest t at 
all may not be well with the taxon Theria. To my mind there is little 
justification for the erection of either Theria or Marsupionta and i 
one accepts Simpson’s view of the progressive, independent, acquisi- 
tion of advanced mammalian characters by the Prototheria (as 
believe one should), the above evidence indicates that those characters 
'\ere equally independently acquired by marsupials and by eutherians. 
This distressing, apparent failure of the ancestors of the mamma s to 
fossilize extends even to the ancestry of man ; 46 years ago de Char in 
(1965) wrote: 


Neither for us nor for other living creatures can evolution ^ 
by a few simple strokes; il resolves itself into innumerable lines diverging 
from so great a distance that they seem almost parallel. lines 
touch somewhere— of this wc are more and more certain— but so lar away 
cannot see where. 


These words, I feel, sum up the present position of the phylogeny of 
the living mammals. 

This viewpoint may be hard to swallow if one believes that the 
evolution of mammals is due to a process that by and large consists 
of chance changes in the structure of deoxyribonucleic acid, w ic 
“re eventually selected (if they have adaptive significance) in a non- 
rendom way so that the resultant structural adaptations become par 
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of the genotype of whole populations. One's nund .s 
Z bogle atl notion, for exantple. that the mult.ple, 
evoludon of ear ossicles, along with the 

trapezoideum and the projection of “ "^Xin 

dently evolved auditory area of neopalhum via the same 
way stations, have arisen by initially chance j 

This, and many similar examples of paralle evolu on have ^ 
to expression of dissatisfacUon with the concept 

as a causal explanation of has 

sensitive essay on the evolution of mammalian characters h 
expressed his “uneasiness” and that of others including mpd, 
“with regard to the current genetic-selective concepts of =voluUon^ 
He points out that this has induced some paleontologists to prop^ 
one or another form of purposive vitahstic causation, a tenden y 
Olson himself and Simpson (1964) quite right y depute s.n^ h 
purposive element usually postulated involves a force that h« 0“‘5i 
the realm of material scientific investjgation. The labelling 
forces with names like “enteleehy”, “dlan vital”, and 
covets up ignorance and as Simpson says “We may indeed be igno™ 
of the causes of trends, or the causes may indeed be transcendenta 
but naming our ignorance does not alleviate it, and postulating 
transcendental always stultifies inquiry.” . . . K,if 

Postulating the transcendental may stultify scientific inquiry 
conscious exploration of the transcendental is quite another matter. 
Within our era of scientific research, in the eighteenth century, two 
men demonstrated that they were endowed with a peculiar type 
of consciousness which enabled them to describe events, m an 
extra-sensory realm, accompanying natural phenomena ; these men 
were Johann Wolfgang Goethe (sec Steiner, 1928) and Emanuel 
Swedenborg (Dingle, 1958). Of Swedenborg’s contributions to 
physics, chemistry, and physiology, Dingle writes: 


. . . considered on the purely intellectual level, there is no 
Swedenborg was a very remarkable man. His versatility manifests — J 

as his original discoveries show the profundity of his concern with n 
phenomena. As would be expected, he did not aUow the intensity of ms searc 
for knowledge to destroy his sense of the importance of underst^ding w 
that search signified. . .Why is it that such a gifted and successful investiga 
has left so small a mark on scientific history? The number of his discoie 
that have had to be repeated later before being recognized as such is P*'® 
ably greater than that of any other man, and the lack of recognition w 
not because they were in any way inaccessible. How has such a remarka 
thing happened? 
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I think it is because his eyes were fixed on a point too far ahead. He icapcc 
to the goal by intuition, but was unable to explain the way in such terms mat 
his contemporaries could tread it. To contribute to scientific progress >ou 
must see ahead of your fellows, but not too far ahead. 

Swedenborg himself, however, states the matter more explicitly: 
“It has been granted me, now for several years, to be constantly and 
uninterruptedly in company with spirits and angels, hearing them 
converse with each other, and conversing with them.” It was also 
given to Goethe and Steiner to enjoy similar faculties; it is the con- 
tention of Steiner that Swedenborg and Goethe were exhibiting a 
type of consciousness that will arise by evolution and will be exhibited 
more and more by future generations of men. Since I am convinced 
of this I feel justified in invoking the transcendental as a causal 
explanation of the facts of parallel evolution, indeed of purpose in 
evolution, without qualms that this viewpoint will stultify research 
into the mechanisms of evolution. Biologists are not obliged to 
believe that their mechanistic interpretation of evolution and living 
processes is the only one possible; mechanism is a philosophy 
appropriate for our present stage of evolution but I am convinced 
that the purposive elements of gene mutation will be definable on y 
in terms of the transcendental and that the unravelling of these 
processes will await the researches of future Swedenborgs and 
Steiners, 



appendix I 


ANATOMICAL SPECIALIZATIONS 
Anatomical specializations, connected with capture and 
ingestion of ants and termites, in Myrmecobtui fmcialw: 
and some eutherian anteaters compared with those ol 
Tachyglossus aculeatus 


AT THE be^ning of this hook it was related that the basU of Shaw's 
(1792) tentative diagnosis of the “ant-^tmg porcupine , 

of the genus Myrmecoplwga was the exhibition of like 
structures in the two animals (now known to be the remit 
vergent evolution) and of putatively similar •’abits. TOe char 
ters in question, and some others that could not be studied by » 
are as follow: 


Extensile vermiform tongues. 

Large salivary glands secreting a sticky mucus for 


lubricating 


the tongue. 

Long snouts and palates. 

Jaws with grossly modified or with no teeth. 

Anomalous stomachs. 

Forelimbs adapted for digging in hard substrata to expose inse 
prey. 

These characters are present in a more or less consistent and 
well-developed fashion in echidnas, Afynnecobius fasclatus, some 
edentates, Pholidota, and in TubuUdentata. 

Myrmecobiia, the numbat, is a member of one of the mos 
primitive living families of the Marsuplalia. Like the beduin s mare 
(Doughty, 1888), the numbat “all shining beautiful and gentle o 
herself, she seemed a darling life, . . . without gall towards mankind . 
This harmless little animal, once widespread in Australia, is nov/ 
found only in a very few places in the southern part of the state ol 
Western Australia; its decline in numbers is not in the main due 
to direct persecution by roan or by introduced predators, like the 
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fox, but rather to destruction of its woodland habitat to make 
fanning land (Calaby 1960). 

Besides Myrmecobius and the eutherians mentioned above, many 
other eutherians, including a hyena, Proteles cristata, catch and eat 
a variety of insects but they are not specialized for the capture and 
wholesale ingestion of rapidly moving ants and termites, either or 
both of which comprise the main sustenance of the anteaters sensu 
■ifnc/o. The classification (Simpson, 1945) of the eutherian anteaters 
selected for this comparison of convergent anatomy and food habits, 
is as follows : 


Eutheria 

Cohort Mutica 

1 

Cohort Unguiculata 

1 

Cohort 


Order Edentata 
Sub-order Xenarthra 


Infra-order Cingulata 
Das>-podidac 

rrici/icrjii 

^flodontes giganteus 
^ohassous hispidus 
^ricaius 
toiouay 
’tnicbicius 


Cohort Ferungulata 


Order Pholidota 
Family Manidae 
hfanis gigantea 

M. tricuspis 
M. javanica 
M. tetradactyla 
(= longicaudata) 
M, crassicaudaia 
M. temminckii 


Order Tubulidentata 
Family Orycteropodidae 
Orycteropus afer 


’I 

Infra-order Pilosa 


FamUy Myrmccophagidae 
Myrmecophaga trldactyta (=- J‘d>aia) 
Tamandua tetradactyla 
Cyclopes didactylus 
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Anatomical specializations, connected with capture and 
ingestion of ants and termites, in Myrmecobiusf^cmlus 
and some eutherian anleaters compared with those ot 
Tacbyglossus aculeatus 


At -nlE beginning of this book it was related that the basis of Shaw s 
(1792) tentative diagnosis of the “ant-eating porcupine as P 
of the genus Myrmecophaga was the exhibition oflilce , 

structures in the two animals (now known to be the resul 
vergent evolution) and of putatively similar 

ters in question, and some others that could not be studied by Shaw, 
are as follow: 


Extensile vermiform tongues. 

Large salivary glands secreting a sticky mucus 


for lubricating 


the tongue. 

Long snouts and palates. 

Jaws with grossly modified or with no teeth. 

Anomalous stomachs. . 

Forclimbs adapted for digging in hard substrata to expose inse 
prey. 


These characters are present in a more or less consistent and 
v.ell-deseloped fashion in echidnas, Myrmecobius fasciatus, some 


edentates, Pholidola, and in Tubulidentata. 

Myrmecobius, the numbat, b a member of one of the mos 
primili\c living families of the Marsupialia. Like the beduin s marc 
(Doughty, 1888), the numbat "all shining beautiful and gentle o 
herself, she seemed a darling life, . . . without gall towards mankind . 
This harmless little animal, once widespread in Australia, b now 
found only in a scry few places in the southern part of the state ot 
Western Australia; its decline in numbers is not in the main due 
to direct persecution by man or by introduced predators, like the 
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fox, but rather to destruction of its woodland habitat to make 
farming land (Calaby 1960). 

Besides Myrmecobius and the eutherians mentioned above, many 
other eutherians, including a hyena, Proteles cristatat catch and eat 
a variety of insects but they are not specialized for the capture and 
wholesale ingestion of rapidly moving ants and termites, either or 
both of which comprise the main sustenance of the anteaters sensu 
stricto. The classification (Simpson, 1945) of the eutherian anteaters 
selected for this comparison of convergent anatomy and food habits, 
is as follows: 


I 

Cohort Mutica 


Order Edentata 
Sub'Order Xenarthra 


Infra-order Cingulala 

Family Dasypodidac 
Tolypeutes (ricinctus 
Priodontes giganteiis 
Caboiious hhpiJns 
C. loricatus 
C. latouay 
C. mlclnctus 


Eutheria 


Cohort Uoguiculata 


Order Pholidota 
Family Manidac 
Manis gigantea 

M. tricuspis 
M. jmanica 
A/, (etradactyla 
(= longicaudata) 
Af. crassicaudata 
A/, temminckii 


j Cohort Glires 
Cohort Ferungulata 


Order Tubulidcntata 

1 

Family Oryctcropodidac 
Orycteropus afer 


^1 

Infra-order Pilosa 

Family Myrmccophagidac 
M}TniecopIiaga triJactyla (=» jubata) 
Tainandua tetradactyla 
Cy elopes d iJacty lus 
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Of the many species of armadillos only three kinds, the Cabassoiis 
species, Priodontes giganteus (KUhlhom, 1939, 1952), and Toly- 
peutes tridnctus (Eisentraut, 1952) could be termed ant- or termite- 
eaters. The other armadillos, although they can ingest termites and 
ants, are not specially adapted for their capture; they are omnivores 
and, in the case of Dasypus novemcitjcius, even carrion eaters- 
Cabassous hispidus occurs in eastern Brazil; C. hricatus in the 
Malto Grosso of Brazil, the Gran Chaco and northern Argentina; 
C. tatouay in southern Brazil and northern Argentina; and C. 
uniciiictus in the Guianas and eastern Brazil. 

Priodontes is found in the tropics of South America ; it is especially 
common in the Matto Grosso and in the Gran Chaco, but it also 
inhabits open savannah country. Tolypeutes tridnctus comprises three 
subspecies (Sanborn, 1930) with a very wide distribution in South 
America from north-eastern Brazil to Patagonia. Cabrera (1957), 
however, recognizes two species: T. tridnctus and T. matacus. 

Seven species of pangolin are recognized and their distributions 
(see EUerman and Morrison-Scott, 1951 ; Krieg and Rahm, 1961) are 
as follow: 

Manis pentadaci^ la, through Hainan, Formosa, southern China 
from Yunnan to Fukien, Kiangsu, Burma to Sikkim, and 
Nepal. 

Af. crassicaudata, Ceylon, the peninsula of India to Kutch and 
Bengal. 

M.javanica, Burma, Indo-China, Siam, Malaya, Sumatra, Java, 
Borneo to the PhilUpincs. 

M. tetradact)la{=-langicaudata), Senegal, Guinea, north Congo. 

Af. (Hcuspis, Senegal to north Angola. 

M. giganiea, cast Africa and South Africa, 

M. tcmminckii. South Africa, east Africa, Sudan. 

There is but one species of Tamandua tetradactyla'- (three sub- 
species; Allen, 19W), and Us range extends throughout the warmer 
parts of America from Paraguay to Mexico. There is only one species 
of SiyTtnecophaga iridactyla and of Cyclopes didaciylus'. the range of 
the former is from Guatemala to Paraguay and northern Argentine, 
whereas C. diJactylus comprises scscrat subspecies found in the 
Guianas, Venezuela, Columbia, eastern Peru, northern Brazil, and 

' Obrera (19S7) inclines to the \iew that there arc two species: T. ieiraJnci}lo 
and T. hniicaudjia. 
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part of Bolivia. Reeve (1940), hovifever, in his study of alloraeiric 
growth in the ant-bears makes no reference to subspecies. 

Orycleropus afer is confined to Africa and its distribution 
that of the African pangolins. Many species and subspecies have 0 
described but the consensus (see Simpson, 1945) is t at t ere 
one good species with three reasonably well-define su s ’ 
0. afer ae/Ziiopicu^ from east Africa and Abyssinia, O. a. senega 
from west Africa and O. a. capensis from South Africa. 

The various convergent adaptations and food ha its o 
animals will be discussed individually rather than comparin 
kind of animal with another. 


tongues 

Without exception these are elongated, extensile, 
structures in all the anteaters and their function is appre 
ants and termites. ,, 

In Myrniecopliaga tridactyla the tongue interna y lonoi. 
structure, as it does in echidnas, due to the presence o 

ttidinalmusculisternoglossi and, as in echidnas, these are 

the sternum (Pouchet, 1874; Windle and Parsons, , J 

Kiihlhorn, 1939). The latter records that the tongue can b 

47-50 cm beyond the end of the snout. Extrusion is ^'^h^ved y 

combinationoftwomechanisms: firstly by contraction 0 

unpaired genioglossus muscle which is inserted, in ’ — ..rrie 
mandibular symphysis, and in part, via two long ascic e , 
fibres, onto the sternoglossi around which the geniog os . 
arc wound spirally; secondly, by contraction of intrmsic . 

'^hich produces deformation of the tongue. Retraction is 
contraction of the sternoglossi. Upon retraction in o 

the tongue is folded on itself. T’„,„n,uliia 

Windle and Parsons (1899a) state that the tongue of 
Mradactyh has sternoglossal muscles, and that ‘hs 

been determined in )• . 

f Ihe opinion that the "Zuriiekzichcn der ^i 

Mm sternoglossi bewirkt, dcren Ursprung zwceks VerlMSe™ b 
‘Icn M>rmecophagidac bis zu InnenscUc des Proc. xip -j ^ 

?tcrnums vcrscho^n ist"; which implies that all Myrmecophag.dac. 
mcluding Cyclopes, ha\c sternoglossal muscles. lonffuc 

The mouth in Priodontes and in Tolypeutes is small and 
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and is of an elongated conical shape (Mune, 1875). 1ms 
ofro^Vm-: “in partaking of food they employ the tongne muclt 
which is rapidly protruded and withdrawn 

course with nothing like the elongate thrust and spiral P j 
?o Myrmecophasa”. He could not detect stemoglossal muscles 


Transverse and 

radial muscles Hardened papillae 



Toly peutcs but he did observe the presence of relatively voluminous 
slemohyoidei and stemothyroidei. 

The presence or absence of slemoglossi in Priodontes has not been 
determined. 

The tongue of Orycteropus afer is like that of Tolypeutes, being 
flattened dorso-\ entrally and having the shape of a very long isoceles 
triangle (Sonntag, 1923). This author, incidentally, describes the 
positions and lists the numbers of vallate papillae in the tongues o 
many of the cutherian anteaters. 
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The extrinsic muscles of the Orycteropus tongue consist of a hyo- 
glossus and of paired genioglossi which arise from the inner aspects of 
the anterior parts of the mandible. The fibres come together and pass 
to the tongue and basi-hyal (Sonntag, 1925). 

The tongue and the attachments of its extrinsic muscles have not 
been described, as far as I know, in Myrmecobius but very recently I 
had the opportunity to dissect a specimen which had been preserved 
in alcohol. An elongated cylindrical appearance of the tongue in the 
live animal has been commented on by Fleay (1942); Fleay states 
that it is at least 4 in. long and speaks of it “flickering with lightning- 
like rapidity deep into every crevice of termite-riddled wood, its tip 
shooting out at all angles, inches away from the animal’s snout”. 
Actually the tongue is not cylindrical but is flattened dorso-ventrally 
and in cross-section it can be seen to consist of bundles of longitudinal 
muscles between which dorso-ventral transverse and radially arranged 
muscle bundles interpenetrate (Fig. 92). The longitudinal muscles 
which are responsible for retraction of the tongue are arranged 
around the periphery of the tongue just beneath the dermis, while 
the transverse, radial, and dorso-ventral muscle bundles are con- 
centrated centrally. Contraction of these brings about deformation of 
the tongue leading to extrusion. This peripheral arrangement of the 
retracting muscles is the opposite to that found in echidnas. There 
are no sternoglossal muscles in Myrmecobius. 

As far as internal structure is concerned the tongue of Manis 
javanica (Oppel, 1899) is very like that of Myrmecobius in that 
bundles of longitudinal muscles are arranged around the periphery of 
the tongue, and the musculature of extrusion, consisting of transverse 
and radial bundles, is centrally placed. The tongues of the pangolins 
have a sternoglossus muscle, but it is median and unpaired and is 
attached to a specially elongated and strengthened xiphisternal plate 
of the sternum. 


SALIVARY GLANDS 

The salivary glands of the antcaters are enlarged, but they arc 
modified in the various forms in dilTcrcnl ways. In echidnas they occur 
as discrete parotid, submaxillary, and sublingual glands, whereas In 
•^fyrmccopJwsa the parotids and submoxillao' glands of each side arc 
fused into one enormous gland stretching from the articulation of 
the jaw all over the neck and chest; it takes the form of a lobulatcd 



236 


appendix I 


sheet of glandular tissue lying beneath the “ 

region. According to Pouchet (1874) the sublingual 8'“^= ^ 
and in their stead are found numerous buccal glands which open m 
I Zth cavity. Dalduest and Werner (1952) refer to the sahva^^ 
glands in Tamandm lelradaclyla as parotids, since they 
Lntion the presence or absence of the other salivary 
They quote the work of ChaUn (1870) on the saliva^ glan^ “f 
TaLndm, it is likely that their parotid is identical with 
gland o! Myrmecaphcga. They described the cytology <>f *= f 
and made the interesting observation that when cut it exude 
transparent liquid of the consistency of Canada balsam. I have ma 
a similar observadon on the sublingual glands of Tachyghssus, 
fact about 1 ml of sticky honey-like fluid can be squeezed from ne 
ducts emerpng from the anterior ends of the glands. This secre 
lubricates the tongue and renders it sticky so that the ants and termites 


adhere to it. 

The parotids and subUnguals of Tolypeutes are smaU (Mune, l » 
but the two submaxillary glands are enlarged and reach back to to 
sternum. In Tolypeutes and in Myrmecopbaga (Forbes, 
submaxillary duct of each side leads into an extraordinary dUation 
which serves as a salivary reservoir. From each reservoir a duct passes 
forwards conveying the stored saliva to the buccal cavity. In Myrme- 
copbaga the terminal reservoirs lie just above the long thin median 
tendon of the genio-hyoid muscle, the contraction of which niay, Y 
compressing the floors of the reservoirs, aid in ejaculation of the 
stored saliva. The salivary glands of Cyclopes didactylus also 
discharge into reservoirs (Owen, 1868). 

Sonntag (1925) found that the salivary glands of Orycteropus 
consist of discrete parotid, submaxillary, and sublingual moieties. 
The tv. o former are small but the submaxillary glands are large, bow- 
shaped, and extend from the angle of the mandible almost to the 
manubrium stemi. Posteriorly the two glands are in contact and at 
their anterior ends two ducts on each side pass forwards. The two 
ducts unite to form one on each side. There arc no salivary rescrv'oirs 
as there arc in edentate antcaters, but there is an increase in the 
calibre of each duct where it crosses the posterior belly of the digastric 
muscle. Anterior to the digastric the duct passes to the inner side of 
the mandible and it becomes surrounded by muscle fibres which arc 
fused with those of the gcnio>glossus. Sonntag feels that these muscle 
fibres may also act as a propelling agent dri\ ing the salh a to the mouth. 
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The sublingual glands of Orycteropus are thin and elongated. 

The salivary glands of pangolins appear to have been ignored 
except for Eggeling’s (1899) detailed description of the submaxillary 
glands in Manis javanica. These stretch from the anterior part of the 
neck and breast down to the level of the mammary teats which are 
situated just posterior to the forearms. Each salivary gland is shaped 
like an elongated kidney and is composed of numerous ramifying 
tubules lined with the epithelium of typical Schleimspeicheldriisen. 
He considered that the structures of nuclei and protoplasm of the 
cells indicated a process of lively {lebhafter) secretion. There are no 
secretion reservoirs as in edentate anteaters. 

Lang (see Bequaert, 1922) states that the salivary glands of M. 
gigaiiiea attain the size of a goose egg. 


STOMACHS 

These, without exception, in Myrmecobius and the eutherian ant- 
eaters are different from that of Tachyghssus; in place of its non- 
glandular, thin-walled sac one finds glandular stomachs of varying 
degrees of specialization for trituration and digestion of ants and 
termites. The stomach of Afyrmecobius (already described, p. 41), 
however, exhibits little or no specialty that might be associated with 
termite eating; it is like that of any carnivorous metatherian. On the 
other hand, the stomachs of Myrmecophagidae, the armadillos, 
Orycteropus, and of the Phohdota are all remarkable for the extra- 
ordinary development of the submucosae and muscular coats at 
their posterior ends. 

In Tolypeutes there is a substantial development of the pyloric 
parietes (Murie, 1875) but in the Myrmecophagidae there is a 
hypertrophy of longitudinal, circular, and oblique muscles to form a 
sort of gizzard. Of this Owen (1857) remarks that the internal cavity 

small and is lined with a dense epithelial lining and that: 

... a \cry small proportion only, of food can enter at one time into this 
W'Uy to be subjected to the trituraling force of its panctes, operating with 
the aid of swallowed particles of sand in the comminution of the unmasticated 
or imperfectly masticated termites. 

Porbes (1882) agrees in general with that description but feds that 
pyloric folds arc softer and more vascular, than he was led to 
bcuc\c from Owen’s account. 

In Orycteropus the hypertrophy of the pyloric musculature is such 
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.hat the gizzard takes the fonn ^ 

1925).Thatofrtta/r;avamer, .seven more bizarre sincet^^^^^^^ 

lining the hazard is equipped ™* q .gjgb). The 

the grinding of its msect prey (Weber, . ,,islhe 

stom^ of Af. gigen/enhas an hypertrophied pylorus but it 
keratinous tooth-like structures of that in M. f f ,Stt 
Bequaert. 1922). The stomach of AT. gigontcn is =>1^“ 
that the large gastric ^and (see p. 41) does ™ 

orihce into the stomach as it does m M.ja\amca b P 
even surface, the individual follicles of the oval 
directly into the stomach”. Many small pebbles, the B 
ezceeding 5 mm in diameter, were found in ‘''= “^k 

glgmifcn; they probably assist the trituratmg acUon of th 
pyloric ;aUs ^e pylori of the stomachs of A/, tcradmyh and 
A/, tricuspis also lack keratinous teeth. _ 

As we have seen, echidnas grind their food with kcraUno P 
on a knob at the base of the tongue; Myrmecobius, however, nas 
special organs for grinding up termites and it appears ‘° 
prey whole. Fleay (1942) found that when large termites m 
soldier caste of Cahtenms (=Neolennes) insularis were 
were subjected to rapid and audible mastication by the aoOT 
peculiar teeth. However, Calaby (I960) points out that la^e temiK 
ate not found within the natural range of the aimal. Despi 
lack of specific anatomical specializations for triturating temi , 
Myrmecobius makes a good job of comminution since a 
found that numbat scats neatly always contained termites that 
been well broken up during passage through the gut. ^PP^^^°, 
this is achieved by the grinding action of coarse sand whic w 
detected in the scats. 


SNOUTS AND PALATES 

The sVulls of the antcaters arc prolonged rostrally to form cloo 
gated snouts and this extension ghes rise to elongation of the pa a 
which lack, vacuities. The epithelia clothing the palates are no 
smooth but exhibit transverse ridges of varying degrees of dcvc 
mcnL Those in echidnas arc well defined and bear backwar y 
directed keratinized teeth; my Myrmecobius specimen^ cxhibi 

* M) rmecobius has a large mouth and a true gape, in fact it can j'awTJ (Calabys 
I9W). 
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13-14 such ridges, the first 4 being robust whereas the others were 
smaller and less well defined. The latter were confined to the arched 
posterior portion of the palate, the concavity no doubt serving as 
accommodation for the retracted tongue. The palatal ridges in 
Mynnecobius bear no teeth, 

Forbes (1882) found that the palate of Myrmecophaga exhibits 
about 7 ill-defined and irregularly arranged transverse ridges. Those 
of Tamandua are even more ill-defined (Sonntag, 1925); this author 
also records that the palates of Orycteropus and Manis tricuspis 
exhibit 12 and 5 transverse ridges respectively and according to 
Murie (1875) there are 12 such on the palate of Tolypeutes. 

Apparently the function of these ridges is to scrape ants off the 
tongue, when it is thrust out to catch more, and so retain them within 
the buccal cavity. 

Along with the elongation of jaws, development of long tongues, 
and ingestion of insects and dirt, teeth became modified or even 
disappeared in the anteaters. The gradation of modification is as 
follows: 

Mynnecobius teeth are degenerate, slender, and sharp, even the 
molars have remarkable pointed and sharp cusps. The dental 
formula according to Tate (1951) is; 

ij ij i* cj pj pi pj dpj ml m| mj mj 

Bensley (1903) has pointed out that the teeth are extremely variable 
even to the extent that the molars on the left and right sides of the 
skull can be different. As Calaby says this variation and the degen- 
erate nature “strongly suggest that the pre-molars and molars arc 
not used and are therefore not being subject to selection pressure”. 

Priodontes has 65-76 undifferentiated and stump'like teeth while 
Tolypeuies has 36 (Kuhlhom, 1939). The dentine of the teeth of these 
and other armadillos is tubular in shape and is covered with but a 
very thin layer of enamel (Martin, 1916). 

Orycteropus. Has teeth unlike those in any other mammal. They 
arc pcg-Hkc, base no enamel and consist of numerous hexagonal 
columns of dentine separated by tubes of pulp. There arc about 20 
of these teeth in the adult aard-vark. 

Myrmccophagidac, Pholidota, and Tachyglossidac have no teeth 
whatever. In the tachyglossids the degenerate malar arch lacks a 
jugal bone; the Myrmccophagidac and the Pholidota lack malar 
arches; modifications no doubt connected with the fact that these 
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animals grind their food by means other than that of mastication 
with toothed jaws. 

FEEDING BEHAVIOUR AND FOOD HABITS 
Apart from the work of Sweeney (1956) on Sinutsia (=Afanis) 
teniminckii and of Calaby (I960) on Afyrmecobius, no systematic 
detailed studies have been published on the food of anteaiers. 
Eisentraut (1952) states that Tolypeutes irk'mcius living in the 
Bolivian Chaco at the foothills of the Cordilleras ingests mound- 
building termites. Krieg and Rahm (1961) allege that Priodontes 
giganteus eats termites, ants, and the immature forms of both those 
insects. KUhlhorn (1952) is equally uninformative about species 
of termites and in what proportions they are ingested by Myrme- 
cophaga tridactyla and Tantandua teiradactyla living in the south 
Matto Grosso of Brazil. Tantandua is facultatively arboreal and 
terrestrial and lakes with ease termites from mounds on the ground 
and from those in trees ; it is said to plunder bees* nests on the ground 
and in trees, whether for honey or insects is not certain (Krieg and 
Rahm, 1961). 

Cyclopes didactylus is arboreal and appears to live on termites and 
“other insects”. 

The forelimbs of the two armadillos and the Myrmecophagidae 
mentioned above are all grossly modified for digging into or ripping 
termite and ant mounds. The skeletons of the forelimbs of M- 
tridactyla and T. teiradactyla are pcDladaclyl but there are varying 
degrees of development of the digits as the specific names indicate. 
In C. didactylus digit 5 has disappeared but in all three ant-bears, 
digit 3 and its daw are particularly well developed. The foreJimb 
musculature of the terrestrial M. tridactyla is of noble proportions as 
is that of Priodontes. In this animal the claw on the third digit is 
hypertrophied and it is so large in Tolypeutes that the manus is no 
longer plantigrade but “onguligrade”, the little animal trotting about, 
as far as its forelimbs are concerned, on the tips of its toenails. 

The forelirabs of the pangolins are equally well adapted for 
tearing open ant and termite mounds. They are pentadactyl anatom- 
ically but functionally they arc tridactyl exhibiting a strong develop- 
ment of the claw on the 3rd digit; numbers 1 and 5 are small, although 
number 5 is slightly larger in the arborial Afanis triscuspis than it is 
in the ground-dwelling pangolins. 
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Sweeney (1956) has studied, at I^dugli in the Nuba Mountains of 
Sudan, the feeding habits of the ground pangolin, Manis (—Smutsia) 
temminckii. It is nocturnal and feeds exclusively on ants and termites. 
Sweeney had fairly tame specimens to work with and he found that 
they could be persuaded to eat some immature stages but not the 
worker castes of the following ants: Camponotus sericeus, C. macula^ 
tusy C. rufoglaucus cinctellusy Pheidole crassinoda, Tetramorium 
serkeiventrey Acantholepis capensis, and Cataglyphis \iaticus 
bicolor. 

When these pangolins were released and followed (at night) it was 
observed that they would search for and eat only two species of 
ant, hitherto unseen by Sweeney.^ One was an undetermined 
species of Crematogaster which is subterranean and was found in 
cracking clay soil; the other was a formicine ant, also undetermined, 
and also found in the same habitat. Twenty identified species of ant 
in addition to the above listed ants were common in the area; they 
were all ignored by the pangolins. 

Sweeney also observed that ground pangolins seldom troubled to 
dig out a termite mound, but when they did it was invariably the nest 
of an Odontotermes or a Microcerotermes species in spite of the fact 
that the mounds of other species of termite were available. In the main 
these pangolins preferred to feed on termites where only a little scrap- 
ing was necessary to reach them. Other species taken in this fashion 
"ere Ancistrotermes periphrasiSy Aniiiermes liaslalus, Aniitenncs sp., 
^ficrotermes aluco, M. thoracaliSy and Microtermes sp. 

Sweeney made some fascinating observations of the feeding habits 
of his pangolins, not the least of which is the following: 

When dealing with termites which are active in dung or small pieces of 
wood, etc., the Pangolin has the curious but sensible habit of grasping the 
cow*pat or wood with its front-claws and at the same time rolling o\ cr on its 
oack still holding on to it. It then rests the cow-pat (now, of course, reversed 
and di^Iosing the termites) on its ventrum, and still grasping it with the 
claws, it raises its head, cMrudcs the tongue, and catches the termites scuiry- 
*ng about on the moist side of the cow-pat or wood with this organ. Having 
done this it cither discards the cow-pat as being of no further interest, or 
breaks it up (still in the same position) and catches the termites with the Jong 
Hexiblc ton^c as they drop on its body. Having finished, it rolls the right 
"■^y up again and proceeds to the next cow-pat. In this manner it may clear 
termite s as many as 25 or 30 cow-pats an hour. 

Pangolins appear to be good at this sort of collecting; Ford (Ann. Soc. Ent. 

'*3, 58*63, quoted by Bequaert, 1922) found eleven different species of 
scve^i* f stomach of a specimen of Manis x>Sontca from the lower Congo, 

I of which were at that time new to entomologists. 
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Manis iricuspis and Af. hngicaudata (j=:telradactyla) are tree- 
climbers; both of these species break into the tree nests of A//ero- 
cerotermes and Nasutitermes species, and feed on the inmates 
(Krieg and Rahm, I96i). These pangolins cling to bough or trunk 
adjacent to a nest, with the hind limbs and with the Jong tail which 
can be wrapped around the bough. This leaves the forelimbs free to 
burrow into the nest. The stomachs of tree-living pangolins rarely 
contain the little pebbles (“Steinchen”) characteristic of the stomach 
of Manis gigantea, which argues that their main food supply lives in 
trees. 

Information on what aard-varks eat is scanty and unsatisfactorily 
documented. They eat both ants and termites but apparently they 
often specialize and only eat the one or the other. According to 
Sjostedt (quoted in Hegh, 1922, p. 551), Trinerviiermes trinem'us is a 
termite favoured by Orycteropus and according to Fuller (same 
source) Tennes natalensis is eaten with equal gusto. 

Apparently Orycteropus does not invade termite mounds per se 
but digs around the base to get at the termites in the galleries raying 
out from the mounds. In this way most of the surroundings of the 
mound will be ripped up with the tetradactyl forefeet; the iirst digit 
of the manus being absent. The claws are large and powerful as is 
the musculature of the forelimbs. The claw on the second digit ends 
in a point whereas the others are blunU 

The feeding behaviour of Orycteropus amounts to a type of 
termite farming as the following description from Bigourdan (quoted 
from Rahm, 1961) indicates; 

Ses promenades nocturnes constituent de veritables circuits auxquels il 
se tvent aussi longtemps qu’il n’est pas trouble et que la population des 
insectes lui assure un ravitaiUement copieux. On dirait viaiment que 
Torycterope poss^e un programme de soiree. Sa trace passe toujours au 
meme eadroit, chemine sans hate entre les obstacles, dessinant de nombreux 
meandre et reliant les unes aux outres toutes les teimitieres du pays. . . . 
Ainsi tout la nuit, la promenade alimentaire se poursuit. Le dremt total est 
court, soit de 2 i 4 km, car roryclerope n’est pas laptde, il s’arrete souvent 
^uf sur terrain mort, par exemple les endroits tres humides recemment 
inondes que les termites ont du evacuer. L’oryctCTope les traierse alors en 
marebant d’assurance et enligne droite pour gagner un autre champ d’action. 
^ plus cuneux caractere de ces circuits est assurement leur periodicite. Si 
1 animal suit methodiquement un programme arrSte d’avance ce programme 
change chaque jour de la semame ou plutdt diaque nuit . Passe la nuit derniere 
a telle termitiere de son parcours, U n'y reviendra surement pas las nuit 
suivanie sachant d’experienw qu’il n’y ttou>erait plus de victim®. Le fait est 
tr® constant et fadle a >enfier en marquant sur un calendrier 1® dat® 
succ®sives de passage. On peut aiuu ptivoir a peu pres la prochaine \enue 
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du visiteur. Le cycle de visites s’echelonne cntre 5 et 8 jours et I’orycterope 
pourrait etre compare a un apiculteur prevoyant occupe a Texamen periodique 
de ses ruches avec I’evident souci de menager les insectes qui le font vivre. 
Ainsi les “ponctions” se suiventelles presqu’ k jour fixe avec methode et 
moderation. Cette exploitation est si rationelle qu’il parait s’etablir une sorte 
d’equilibre entre le mangeur et le mange, car il est certain qu’un meme 
orycterope sejoume des mois et peut-etre dcs annees sur un meme terrain sans 
I’epuiser. 

Numbat food and feeding habits have been described in detail by 
Calaby (1960). Favourite feeding places of numbats are the bases of 
wandoo trees where the soil is usually loose, contains bark and leaf 
litter, and is well stocked with termites. It does not break open the 
nests of termites, but occasionally it digs a few shallow pits in the 
mounds of Amitermes obeuntis; its usual method of feeding is to dig 
in the upper 2 in. of soil and to turn over sticks and small pieces of 
wood. Feeding is diurnal. When food is located by scent, according 
to Calaby, the numbat 

squats on its hind feet and digs very rapidly with both front feet. The 
tongue is flicked in and out gathering up exposed termites and the process is 
then repeated. Meanwhile the tail lies flat on the ground. The animal may 
move on a few inches and repeat the process or it may leave the spot and 
trot away to begin searching for another feeding place. 

The forelimb in Myrniecobtus is pentadactyl but digits 1 and 5 are 
vestigial. The nails on 2, 3, and 4 are long and slender and are of 
approximately equal length; although not adapted for muscular 
tours de force, as the forclimbs of echidnas and ant-bears are, those 
of numbats are admirably adapted for rapid digging in loose earth 
or for raking over bark, leaf mould, and other litter of a woodland 
floor, to expose their prey. 

Entomological analysis of scats (252 scats from Dryandra, W.A.) 
showed that the numbat feeds largely on termites, only about 15/^ 
of the diet consisting of ants and only in eight scats did ants equal or 
outnumber termites. As we have seen this is not the case with 
^ochyglossus aculeatus aculeatus living on the southern tablelands 
of New South Wales (p. 25), but Western Australian echidnas may 
prove to present a different feeding pattern. The most important 
termites in the diet of numbats were Coptotermes acinacifonnis and 
^'^uiermcs obewttis and these were by far the most abundant species 
to the study area. The former inhabits living and dead wandoo and 
Powilcr-bark trees but its galleries run out through the soil where the 
numbats can detect them and expose them with their slender claws. 
^wennes obeuntis makes a mound nest but it is also abundant just 
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below (he surface of the soil when; it attacks dead wood in contact 
with the ground. In addition to the above two species of termite 23 
other species were eaten by numbats including three of those eaten 
by echidnas (see Table 4), namely Hcierolermes ferox, A. neoger- 
njanus, and Nasulitenucs exStiosus. As well as the large number of 
termite species some 26 species of ants arc ingested by Myrmecobhis. 


CONCLUSIONS 

It is certain that anteaters exhibit many similar anatomical 
characters but the anatomy is never identical; perhaps the tongues of 
echidnas and Myrmecophagidae come nearest to one another, but 
grinding techniques, stomach structures, and forelimb anatomy take 
different paths, nevertheless, all lead (o the goal of assimilation of 
ant and/or termite flesh. Even the stomachs of the pangolins exhibit 
considerable variation within the family Manidae, but they arc 
unmistakably laid down to the same speciiication. Their tongues, 
superficially very like those of echidnas and ant-bears, are funda- 
mentally different from these and indeed they are quite like that of 
Myrmecobius except that the latter lacks a stemoglossus for retrac- 
tion. Myrmecobius is the least specialized of the anteaters. Like the 
termite-eating hyena, Proteles crisiaia (see Hegh, 1922), its teeth are 
sUU differentiated (but much reduced in number in the hyena), it 
has a wide gape and it is active, having normal plantigrade extre- 
mities. Both these species are amateur anteaters, so to speak, and 
there would appear to be no anatomical obstacle to them taking to 
eating beetles, large cockroaches, soft fruits, or even succulent 
plants; the Myrmecobius stomach would be quite capable of assisting 
in digestion of these items. It would be most interesting to compare 
N* balance and digestibility and rates of passage of termites in 
Myrmecobius with these entities in the most “professional” anteater, 
Tachyglossus. 


REFERENCES 

Tamandua anteaters. Bull. Amer. Mus. Nat. Hist. 20. 

BENSLEy, B. A. (1903) On the evolution of the Australian Marsupialia, Tram. 
Lirm. Soc. London, Ser. 2, 9, 83-215. 

Beqi^rt,^ J. predaceous enemies of ants, Bull. Amer, Mus. A'ot, 



ANATOMICAL SPECIALIZATIONS 


245 


Cabrera, A. (1957) Catalogo de los mamiferos de America del sur. Rev. Sfus. 
Argentina Ciencias nat. '^Bernardino Rivadasio", \ol. 4. 

Chatlm, J. (1870) Obsen’atioos sur les glandes salivaires chez les Founnilicr 
Tamandua, Annal. Sc. Natur. V. Ser. ZooL, vol. 13. 

Dalquest, W. W. and Werner, H. J. (1952) The parotid gland of an ant-eater, 
Tamandu fetradactyla^ Am. Midi. Nat. 48, 250-2. 

Doughty, C. M. (1888) Arabia Deserta, Cambridge Uoisersity Press. 

Eggeuno, H. (1899) Ueber die Stellung der MiJchdriisen zu den ubrigen Haut- 
drusen. 1. Mitteilung: Die ausgebildeten Mammardriisen der Monotremen 
und die Milchdrusen der Edentaten nebst Bcobachtungen uber die Speichel- 
drusen der letzteren, Denk. Med. Naturniss. Ges. Jena 7, 79-104. 

EiSE>frRAUT, M. (1952) Vom Kugd-Guitehier {Tolypeules conurus), Natur und 
yolk 82, 43-8. 

Ellerman, j. R, and Morrison-Scott, T. C. S. (1951) Checklist of Palaearctic 
and Indian Mamtnals, Trustees of the British Museum, London. 

D* (1942) The numbat in Victoria, Victorian Naturalist 59, 3-7. 

Forms, W. A, (1882) On some points in the anatomy of the great ant-eater 
{Myrmecophaga jubata). Proc. ZooL Soc. London, for the year 1882, pp. 
287-302. 

Hegh, E. (1922) Les Termites, Bruxelles (no publisher given). 

H. and Rahm, U, (1961) Das Verhalten der Xenarthren (Xcnarthra) und 
das Verhallen der Schuppentiere (PhoUdota), Handbudt der Zoologie, vol. 8, 
no. 27, Walter Gruyter & Co., Berlin. 

RUhi^orn, F. (1939) Beziehungen zwischen Emihnmgswcise und Bau des 
Iwuapparates bei elnigen Gurteltier-und Ameisenbarenarten, Cegenbaurs 
Morph. Jahrb. 84, 55-85. 

KCHLHOR.S, F. (1952) Termitenfeinde, Natur und Volk 82. 49-53. 

E. (1916) Tooth development in Dasypus noiemcinctus, J. Morphol. 
*7,647-91. 

urie, j. (1875) On the habits, structure, and relations of the three-banded 
arrodillo {Tolypeutes conurus. Is. GeotL), Trans. Linn. Soc. London 30, 71- 

0857) On the anatomy of the great ant-eater Myrmecophaga jubata 

OwT • ^ool- Soc. London, for the year 1857, pp. 22-3. 

B- (1868) On the Anatomy of Vertebrates, vol. 3, Longmans, Green, & 
Lo., London. 

G. (1874) Mdnoir sur !e grand fourmiher {Myrmecophaga jubata), 
asson edit., Paris. Quoted by Grasse, P. Ordre des Edentes in Trade de 

Kxuti^^i'V & Cic, Paris. 

• u. (1961) Das Verhalten der Erdferkcl (Tubulidentata), Handbuch der 

Walter dc Gruyter & Co., Berlin. 

• C. R, (1940) Relative growth in the snout of ant-eaters, Proc. Zool. 
110, 47-80. 

C. C. (1930) Distnbution and habits of the thrcc-bandcd armadillo 


Sasborn. 

Mammal. 11 , 61-8. 
e.. (1923) The tonsr 


* • (1923) The tongues of the Edentata, Proc. Zool. Soc. London 

11925) A monograph of Orycteropus afer. 1. Anatomy tvccpt the 
S^itstY ^ skin, and skeleton, Proc. Zool. Soc. London, Pt. 2, 331—137. 

p,- ‘ ^ (1956) Some notes on the feeding habits of the ground 

TatCg w o (Smuts). Ann. Mag. Nat. Hist. 9. S93-6. 

sum-i! \ ’■ The band^ ant-cata* Myrmecobtus Waterhouse (.Mar- 

"“P'ilu), Anicr. .\fus. Nov., No. 1521. I-S. 



246 APPENDIX I 

WtutR, NJ. (1S91) Bciir5sc zur Aiulomic und dw 

Genus j\}anis,Zoologische Ersfbntsst eintr Retie in SieJcrldnJiich-Os 
\ol. 2. E. J. Drill, Leiden. 

WiSDU, B. C. A. and Pajuons, F. O. (1899a) On the m>o!ogy ofthc 

Part I. Muscles of the head, neck, and fore limb, Proe. Zool. Soc, Lo 

\Vl^DLE, B.’ C. A. anJ PAnsoaa, F. O. (lS99b) On ihc myology of the 

Part II. Muscles of the hind limb; and summary of conclusions respea s 
the musculature of the order, Ptoc. Zool. Soe. London 990-1017. 



APPENDIX II 


IRON CONTENT OF ECHIDNA MILK 


echidna milk can contain ample supplies of iron at certain stages 
0 act^ion is apparent from some results that have just come to hand, 
r. aldor of the University of Western Australia has very kindly 

of iron, by a modification of the method 
th t. Ezekiel {Biochenu Biophys. Acta 107, 51 1; 1965) in aliquots of 
Jn "^^^ftyglossus aculeatus muUiacuIeaius specified 

Table 11. The results are set out in Table 14. 


Table 14 


Animal 

Date of 

Body weight 

Iron concentration 

milking 

of young 

of whole milk 




(s) 

(mg per 100 ml) 

T- a. mhlanlMriis 

1.10.65 

8.10.65 

130 

149 

4'78 

4-25 


13.10.65 

Dead 

4-36 

^■“■muMaculeaus 

22.10.65 

Dead 

4-75 

22.10.65 

208 

3-00 

■ — 

8.11.65 

321 

2-37 


^Mdoamiik^de^ lactation proceeds the amount of iron in 

207). It is nnf • marsupial Setonix brachyurus 

one of the eci*/’ values found in the milk 

^'*clde the vouno * abnormal since this mother refused to 

^^"•ilhpubi;nii*»^fl^ October 8, 1965. However, by compari- 
>00 ml and ft *3 mg 

Ezekiel, 1952 % j. . Per 100 ml respectively; Kaldor and 

of iron and ® "^PP^rent that echidna mUk contains a great 
f^Sard rather than tK ^PP‘‘03ches the milk of a marsupial in this 
in human nna u eutherians (the average concentration of 
Md bovine milks is about 0 05 mg per 100 ml). One 
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Fig. 93. Absorption spectrum of whey of echidna milk. Sample diluted with 
distilled vtater to give suitable optical density. 

might have anticipated this in view of the long sojourn on a diet of 
milk alone, enjoyed by the two kinds of larvae. 

Dr. Kaldor indicated to me that in the mUk taken on November 
8, 1965, 36% of the total iron was in the whey fraction. This iron 
is very likely in the form of laclolransfenin since the whey has a 
colour resembling that of a strong solution of oxidized cytochrome 
C. The absorption spectrum (Fig. 93) of thic pigment, however, ts 
identical with that of human serum transferrin which has an absorp- 
tion maximum at a wavelength of 460 m /x (Roberts, Makey, and Seal, 
J. Biol Cheni. 241, 4907-13, 1966). 
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KIDNEY FUNCTION 


The notion that the echidna kidney is essentially a mammalian organ 
has been substantiated by the data of an important paper, just 
published, by Bentley and Schmidt-Nielsen {Cowp. Biochem. 
Physiol. 20, 285-90; 1967). They studied the role of the kidney of 
Tachyglossus aculeatus in water balance and found that, unlike the 
reptilian kidney, it could form a hypertonic urine, as does the kidney 
in Metatheria, Eutheria, and birds. When echidnas were deprived of 
food and water the urine volume was small and the concentration 
rose as high as 2300 m Osm/kg water whereas the plasma concentra- 
tion was 281 m Osm/kg water; a urine: plasma concentration ratio 
of about 8. Sodium and potassium and their accompanying anions 
made up only about 20% of the total solute excreted. The observed 
osmolarities In echidnas are higher than those found in man; are 
similar to those of rabbits, dogs, and the macropodid marsupial 
Seionix brachyurus; but they are lower than in rats, sheep, and various 
desert rodents. 

Urine volume may be changed in three main ways : by alterations in 
glomerular filtration rale, by changes in absorption of water from 
the tubules, or by a combination of these two. The results of a study 
of endogenous creatinine excretion of echidnas suggested that at low 
urine flow there is a decrease in glomerular filtration rate, though at 
higher rates of flow, changes in tubular rcabsorption must also take 
place. Tills is also the case in all mammals that have been studied. 
In man, however, tubular rcabsorption is solely responsible for the 
control of urine volume. 

Zarnik’s (1910) observations of the tubular-loop arrangement of 
the nephrons in echidna kidneys arc in agreement with the observed 
ability to form a hypertonic urine. In mammals this arrangement 
according to Wirz (Paper in The Ncurohypophysis, cd. H. Heller, 
Butlcnsorths Scientific Publications, London, 1957) allows of the 
formation of hypertonic urine by two processes: flow along a lube 
that doubles back on itself (hairpin counlcr-currcnt) and an active 
249 
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process setting up a small osmotic pressure dificrcncc between the 
two limbs of the lube. Wirz adduces evidence suggesting that the 
antidiurctic hormone, vasopressin, acts at three sites in the mamma- 
lian nephron: at the descending limb of the loop allowing the tubular 
fluid to equilibrate with the hypertonic extracellular fluid thus 
inducing the counter-current concentration mechanism; at the distal 
convoluted tubules allowing the rate of water rcabsorption to equal 
the rate of distal sodium rcabsorption; and at the collecting ducts 
where a transfer of water to the hypertonic surroundings would 
concentrate the urine above isotonicity. Since the echidna pars 
nervosa elaborates vasopressin (p. ill) this schema presumably 
would be applicable to the echidna nephron. 

As far as the ecological significance of the results is concerned it 
was calculated by Bentley and Schmidt-Nielsen, from published data 
of Griffiths (1965a) and of Schtnidi-Ntelsen, Dawson, and Crawford 
(1966), that in the termite-fed echidna living in dry air at 25-33 -i'C 
the kidney can maintain a positive water balance without additional 
water intake by the echidna. From this Bentley and Schmidt-Nielsen 
surmise that echidnas are well adapted to survive in arid areas. 
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RESPIRATION 


Bentley, Herreid, and Schmidt-Nielsen (Bentley, P. J., Herreid, 
C. F. and Schmidt-Nielsen, K.. Am. J. Physiol. 212, 957-^1, 1967) 
have once again made good a deficiency in our knowledge of echidna 
physiology, this time on the characteristics of respiration of Tachy^ 
glossus aciileatus. 

They found that the parameters of respiration in this animal are 
similar to those of Eutheria in that the concentrations of CO* in 
alveolar or end-tidal air are of the same order: man 5-95%; dog 
5-68; seal 6-3; echidna 5-49; the corresponding O, concentrations 
being 14-0, 13-6, U-6, and 14-4% for the echidna. 

Similarly tidal and minute volume values observed in their echid- 
nas were of the order of magnitude found in eulherians. Also the 
extraction of O, from inspired air is comparable with that of cuthe- 
rians in spite of the facts that echidnas have a body temperature of 
about 3I*C and an Oi consumption about half that of eutherians of 
the same size. 

Alterations in respiratory minute volume in the echidna, however, 
arc related to alterations in the respiratory rate, whereas in other 
mammals the changes in minute volume are brought about by a 
change in respiratory rate and tidal volume. However, when the 
respiratory minute volume of the echidna is increased by forcing it 
to inspire a high concentration of CO, the change is due to increased 
tidal volume while the respiratory rale is unchanged. 

Bentley et al. further noted that echidnas voluntarily stay put in 
situations where the CO, concentrations range as high as 6*9%. 
One other mammal at least, the wild rabbit, Oryctolagus cuniculus, 

>■ oluntarily w ithstands equally high CO, concentrations in its burrow s 
(Hayward, J., J. Mammal. 47, 723-4, 1966) and in fact the CO, 
concentrations found in the nesting chambers containing the litters 
range from 7 to 14%. It would be of great interest to compare the 
minute \olumcs of rabbits and echidnas at various CO, concentra- 
tions. 
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INCUBATION PERIOD 
OF THE EGG IN THE POUCH 


A FEMALE specimen of Tachygtosms acukmm ® 

4450 g was taken on August 18, 1967 in the company of two larg^ 
males weighing 4100 and 4250 g respectively. The ““ 

well-developed pouch which had thick tumescen 1>P*- ” 

segregated from the males and kept in a dark metal 
substratum of fine loose earth and soft absorbent ® 

offered daily the usual custard contaimng Nasulitermes “" " ■ 

and just prior to feeding each day she was picked up fo r ^ 

of the pouch. The temperature of the room in which she was h 
was maintained at a steady 70”F and about 50% «> 4 tiye humidity. 

At 9.00 a.m. on September 3 the pouch was empty, but at 9.00 a.m. 
on September 4 it was found to contain an egg.lt was noted ina 
when the animal was picked up the cloaca could be evert 
about 1-1*25 cm, practically reaching into the posterior 
pouch; if the animal was allowed to curl up, the cloaca did in ee 
reach the pouch suggesting that the egg could be deposited there 


in this way. . _ j 

This egg was not stuck to hairs, but was quite loose being tounu, 
from time to lime, located in different parts of the pouch apparen y 
retained there by apposition of the lips of the pouch. This seeme 
to occur only when the animal was allowed to adopt a position o 
rest which consisted of a sort of crouch with the back well arche . 
However, when she was picked up there was an alarming propensity 
of the egg to fall out, in fact during photography the egg was 
only by manipulation of the hairs on the lips of the pouch (Fig- 9 T 
Eight days after laying, the egg was removed and measured, t e 
diameters being 16*5mm x 13-0 mm; it was a creamy yellow in 
colour and had a rubber-like feel when held in the fingers. On t e 
ninth day of incubation, at an inspection at 10.00 a.m., the egg h^i 
a dried-out and dimpled appearance. At 8.40 a.m. (September ) 
on the tenth day, it was found that the egg had hatched and that 
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Fia. 94. Echidna egg in pouch at eighth day of incubation, x 1*2. 


live pouch young was adherent to one of the milk areolae; the 
squashed egg shell \Nas still present in the pouch. From this it is 
concluded that the incubation period is of the order of 10-10*5 days; 
in this instance the temperature of the incubatorium being 32*5® 
and that of the cloaca 32*0*C. 

Tltc young one was rcmo\cd from Utc pouch, not without diHlculty 
since it clung with its strong forclimbs to the numerous hairs in the 
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pouch, so that it could be weighed and measured. It was 378 mg in 
weight and the crown-rump measurement was 1 *47 cm. Externally 
it looked very like Semon’s stage 46 echidna, save that the egg tooth 
was still evident As far as its weight is concerned, it is very close to 
that of the neoaatuses of some of the marsupialia, e.g. Potorous 
tridactylus, 333 mg; Bettongia lesueur^ 320 mg; Setonix brachyuws, 
340 mg (see Waring, Moir, and Tyndalc*Biscoe, Advances in Comp. 
Physiol, and Biochenu 2, 337, 1966). 

The young one was returned to the pouch but apparently the 
manipulation was too much for it since it failed to find the milk 
areola again and it was found dead clinging to externally lying hairs 
of the pouch some four hours later. The next day about 2*5 ml of 
milk w'as taken from the mother after she had been injected with 
22 1 U of oxytocin. This milk contained 1 1 *95 % solids, total N» being 
I*23g/100ml whole milk, whereas the total solids and total N* 
concentration of mature mUk of T. a. acuieaius are about 47% and 
2*6g/lC0ml respectively. Cuirently the component fatty acids are 
being determined in the 1-day milk, and the structure of the mammary 
gland at this stage will be studied. 
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Aard-varks see Orycteropus afer 
Abducent nerve 81, 84, 93 
Accessory nerve 81, 82 
Acoustic organs 69 
Adrenal glands 52, 116, 117 
Basir’s ganglion 116 
chromafiin tissue 116,119 
cortex 116, 117, 118, 119 
corticosteroid secretion 119,120 
Ala temporalis 58, 60, 62, 65, 66, 67 
Alisphenoid bone 65, 66, 67, 68, 221 
Alloxan 124 

Amino-acid imbalance 55 
Amylase 

in saliva and termites 41, 54 
in succus entericus and pancreas 
44, 46 

Angle 64,219,222,223 
Angular bone 60, 220 
Anomodontia 217 
Ansa lenticularis 99 
Ant-eaters, common characters of 230 
Anu 11,25,28 
in diet Manis tenunlnckii 241 
Iridomyrmex deKctus 21, 23, 24, 
25, 28, 54, 55 

proportion of ants/termilcs in diet 
25, 28 

Appendix 42, 126, 127 
Aqucductus vesUbuU 70 
Arcuate fibres 80, 81, 93 
external 80, 81, 86, 87, 88 
internal 80, 81, 86, 87, 88 
Arcuate nuclei 81 
Area cribrosa 49 
Arginasc Gi'cr) 48 
Armadillos see Cabasious, Dasypus. 

Priodonles, Tol}peu:es 
Arterial arches (pouch young) -H. 
212 

•. ->11 

common carotia -*» 
external carotid 211 
internal carotid 211 
left, right, subclaMans -1- 


Articular bone 60, 217, 218, 220 
Auditory decussations 88 
Auditory nerve 

cochlear division 82, 88, 91, 111, 
113 

vestibular division 80, 81, 82, 87, 
88 

Auditory ossicles 59, 60, 62, 68, 72, 
112 

Autonomic system 82 


Basir’s ganglion 116 
Bauriamorpha 217,218 
Bftlongia 16, 254 
Bile 43,46 
salts 43, 44 
Bladder 131,145 
Blastocyst 164, 165,167 
Blastoderm, bilaminar 164 
ectoderm 163, 164 
endoderm 163, 164 
yolkna\el 163, 164,216 
Blastoderm, uniJaminar 160, 163 
Blastodisc 156, 157, 160 
Blood 213 
clotting time 215 
erythrocytes 213 
glucose 52,53, 54, 120, 124,214 
glutathione 215 
haemoglobin see Haemoglobin 
leucocytes 213 
minerals 215 
parasites 32 
scixim proteins 214 
urea, uric acid 48,214 
urea, glucose levels dunng hiber- 
nation 57 

Blood sugar, insulin and S3, 124 
Br^hium conjunctivum 89, 90, 92 
Brachium inferior 92. 97 
Brachium pontu S9, 90 
Brachium superior 91, 95. 96 
Branchb] ar^cs 60. 72 
Bt«ding season 154 
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Brunner’s glands 41,43 
Burrows 11,19, 32.203 


Cabassous 232 
Caecum 42 

Cajal’s commissural nucleus 82, 86 

Capsule, internal 97 

Capsules 

auditory 58, 59, 60, 68, 73 
nasal 60, 61 
Carbohydrates 

digestion 41, 44, 54 
limiting for growth 25, 54 
Carotid glands 124 
Caruncle 61, 173 
Cave-dwelling habits 19 
Cavum epiptericum 62 
Cerebellar hemispheres 90 
Cerebellum 76, 81. 87, 88, 89, 90, 92 
culmen 90 

fissura postero-IateraJis 90 
hssura prima 89, 90 
fissura secunda 89, 90 
lingula 90 
lobus centralis 90 
lobus ventralis 90 
nodulus 89, 90 
pars auricularis 89, 90 
pyrarms 89, 90 
uvula 90 

Cerebral peduncles 77, 85, 89, 91, 92, 
93 

Choanae, internal 63 
Chondrocranium 58, 59, 61, 62, 69 
177 

ala temporalis 58, 60 
auditory ossicles 59, 60 
dermal bones 61 
parachordal cartilages 58 
pilae anloticae 58, 62, 216 
processus alaris 58 
trabeculae 58, 61, 216 
Chromosomes 135, 141, 216 
Cihary ganglion 93 
Obary muscle 93 
Clavicles 73 
Cloaca 131, 145 
Cloaca oviposition 252 
Cochlea 70. 71, 72. 88. 112, J13. 114 
115,216 

Cochlea, Tnconodon 70 
Cochlear aqueduct 70 


Cochlear potentials 112,113,114,115 
Orlliculi 

inferior 77. 88,91,92 
superior 77,91,95 
mesencephalic nucleus of V 87, 

91 

stratum griseum intermedium 89, 

91 

stratum griseum profundum 91, 

92 

Commissure 
anterior 98, 99 
Ganser’s 95 
Gudden's 95 
hippocampal 78, 98 
M^nert’s 95 
posterior 93, 94 
superior collicular 91 
Convergence 1, 230 
Copulation I5S 
Coracoids 73, 216 
Cornea 109 
Cotonoid process 64 
Corpora quadrigemina see Colliculi 
mf. and sup. 

Corpus callosum 78, 227 
Corpus luteum 166 
Corpus mamillare see Mamillary 
body 

Corpus resiilorme 81, 86, 88, 89 
Corpus striatum 97, 98, 99, 100 
Corpus Irapezoideum 87, 88 
Cortex 

auditory 92, 103, 107, 108 
hippocampal 96, 98, 99, 100 
motor 101, 103, 107, 108 
pyriform 77, 98, 100, 101 
somatic sensory 101, 103, 107, 108 
visual 103, 107, 108 
see also Neocortex 
Corti, organ of 70^ 111 
basilar membrane 70, 1 1 1 
cochlear nucrophonics 112 
hair cells 112 
tectorial membrane 112 
Cortico-arcuate fibres 89 
Cortico-bulbar fibres 85 
Cortico-habenular fibres 98 
Cortico-pontine fibres 89, 93 
Cortico-spmal fibres see Pyramidal 
tracts. Tractus temporo-trigemi- 
nalis, Zonalbundel 
Cribriform plate 63, 77, 81 
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Cricoid cartilage 72 
Crista parotica 60, 62, 73 
Crura cerebri see Cerebral peduncles 
Crypts of Lieberkuhn 42 
Cuneate nuclei 80,81,86 
Cyclopes didactylus 232 
food habits 240 
salivary gland reservoirs 236 
tongue 233 
Cynodonlia 217, 218 
Cystine 

limiting factor for growth 54, 55, 56 
spines and hairs 1 
termites, meat ants 54, 55 


Dasypus 232 
Dasyurus 

bilaminar blastocyst 167 
bilaminar omphaloplcure 167 
ovum, extrusion of yolk 1 66 
primary germ layers 166 
shell membrane 167 
unilaminar blastoderm 167 
Dasyurus, nconatus 
ductus Botalli 175 
lungs 174 
mesonephros 173 
olfaction 173 
organs of hearing 1 74 
skeleton 177 
Decussation of Ford 92 
Dentary bone 61, 62, 64,217 
Diarthrosnalbus 2 1 8 
Dic>’nodontla 74, 217 
Didelphys aurita, caruncle 173 
Didclphys rirginiana 
alVenwn la>en of egg 151, 167 
allantois 171 
bilaminar blasioc>st 167 
extrusion of >o]k from o\um 166 
h>pogIossal nucleus 82 
lisscnccphalic cortex 78 
shdl glands of iduct 1 5 1 
shdl membrane 151, I7I 
uterine glands and fluid 151, 165 
Didelphys rtrginiana, nconatus 
lungs 174 

membranous lab) rinth 174 
mesonephros 173 
organs of hearing, olfaction 173, 
174 

Dicncephalon 76, 94 


Digging habits 11, 20, 21 
Dirt, ingestion of 
echidnas 11,41 
Onychomys torridus 41 
Manis gigantea 242 
Myrmecobius fasciatus 44, 238 
Myrmecophaga tridaclyla 237, 238 
Disaccharidases 44 
Distribution 

Tachyglossus 8, 9 
Zaglossus 9, 10 
Docodon 219, 220 
Docodonta 219, 220, 221 
Duct 
bile 43 

common pancreatic bile, glands 43 
endolymphatic 70 
Ductus Botalli 175, 211. 212 
Ductus rcuniens 70, 174 


Ear 3,112 

cartilaginous car trumpets 69, 112 
cochlear microphonics audiogram 
114, II5 

cochlear potentials 113, 113, 114, 
115 

ossicles 60, 62, 72, 112 
pinna 3 

tympanic membrane 61, 69, 72, 1 12 
Edingcr-Wcsiphal nucleus 93 
Egg 

albumen !a>cr5 148, 149 
cleavage 156.216 
conjugation of pronudei 151 
fertilization 151 

follicular epithelium and fluid 147. 
148, 149 

incubation penod in pouch 252 
laicbra 147 
pouch 153. 155. 166 
shdl, basal la>cr 149, 151, 152, 
153. 165 

shdl, protective la>cr IS3 
shdl, rodici la>cr 152, 153, 165 
vildIoc> 1 cs 157, 160. 161 
>olk 156. 157. 163. 164. 171, 216 
>olk-navd 163.164,216 
Egg.tooth 61, 168. 169. 173, 254 
Embryo 

allantois 169, 171 
amnion 169 

bilaminar blastocyst 164,167,224 
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Erobrj'O — contd. 
chorion 169 
omphalopleure 167, 169 
primili\c streak 164 
serosa 169 

somites, J-4 pair stage 165 
somites, 19 pair stage 166 
somites, 39 pair stage 168 
spiaochnopleure 169 
unilaminar blastoderm 163 
>oIksac 169,171 
Embryos in pouch eggs 168 
foetal membranes 171, 172 
EndobTiiph 70,112 
Endolymphatic sac 70 
Endosteum 70 

Eolheria, relationship to monotremcs 
5, 220, 221 
Epipteiygoid 66 

Epipubic (marsupial) bones 75, 226 
Epithalamus 94. 98, 103 
Elhmoturbinals 60, 62, 63 
Eustachian tubes 124 
Eutheria 5, 219 
adrenals 119 
angle 222 
bde salts 43 
chromosomes 226 
cochlea 70,88, 115 
cochlear microphonics 114 
cones of retina 1 1 1 
Corti, organ of 112 
conical representauon 107, 227 
dentary, cond)les of 220 
facialis musculature S4 
heat production 16 

heicrogamev 144, 226 
b>-poph>sis, pars nervosa 95. 121. 

122 

hj-pothenrua and poikilothcrmy 15 

unmuRological responses 130 

laoTigeal slelcton 73 

nummary glands, development 193 

milk ejection 199 

ncopallium 100. 227 

ox>toan 122 

pectoral ^rdle 224 

pita antoiica. absence of 62 

pUccniauon 225 

protein catabolism 47 

p>TanudaJ tracu 84. 103 

serum protons 214 

saotum 224 


tarsal plates 109 
Zwcrgkanalchcn 52 
Evolution, parallel 216, 217, 222, 
225, 227, 228, 229 
se£ also Convergence 
Eye 3. 109 
chorioid 110 
dliaiybody 110,111 
cornea 109 

extrinsic eye muscles 93, 109, 110 
iris 211 
lens 111 
retina 110,111 

sclera, cartilage in 61,62,110,216 
tarsi 109 


Facialis musculature 83 
Facialis nerve 81, 82, 83, 86 
Fallopian tube 144 
Fascia deotata 98 
Fasaculus 
ioogiiudinal 81 
longitudinal medial 88, 91, 93 
mamiUotbalamicus 96, 99 
retroilexus 93, 98, 103 
sohtanus 86 

Fenestra rotunda (round window) 70, 
112, 114 

Fesestm vestibuij (ovalts) 60,69,7(^ 
72, 112 

Filum terniioale 78 
Fimbna 98, 99 
Flocculi 89, 90 
Food 11,21,25,28.34,40,52 
Foramen ovale 221 
Fore-brain bundle 96, 99 
Fornix 96, 98, 99 
Fossa cochleae 70 
Fountams of Meyncrt 91 
Funiculus, dorsal 79, 86 


Geniculate body 
lateral 94,95.96,97 
medal 89. 92, 95. 96. 97 
Gesuiion penod 155. i)2 
Glands 

CowxKTS 131. 133 
FaJJopiao jutoJ ]49, J5J, J52 
llarderua 109 
iacr>77uj 10? 
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Glands — contd. 

mammary, see Mammary glands 
sebaceous 3, 181, 194 
spur 4 

stomach, absence of 40 
sweat 3, 15, 181, 194 
uterine 149, 151, 153, 164 
Globus pallidus 99 
Glossopharyngeal nerve 81, 82, 86 
Glucose 

blood 53, 54, 120, 124, 214 
blood during hibernation 57 
effect on N, retention 52 
limiting factor for growth 25, 54 
tolerance and renal threshold 52, 
53, 54 

Gracilc nuclei SO, 81, 86 
Gracile-cuneate Obres 80, 81, 86, 87 
Growth, limiting factors 54, 55 


Habenular ganglia 92,93,94,97,98, 
99 

Habitats, adaptation to 13, 19 
Haemoglobin 
adults 213 
pouch young 207 
Hairs 

a keratin 1 
colour 2, 8, 10 
dcNclopmcnt 2 
distribution and form 2 
mammary see Mammary glands 
striated muscles and 2 
structure 3 
Heart 

atrioventricular valves 210, 216 
chordae tcndiniac, absence of 210 
papillary muscles 210 
Hclicotrcma 72 
Hctcrogamcty 141, 226 
Hibernation 20, 21, 25, 56. 57 
Hippocampus 78, 98, 99 
H>oid arch 60, 72 
H>poglossal nucleus 82, 107 
H}poph>sis 77, 94. 95, 120 
neurosecretory granules 95 
pan anterior 95,121 
pars inicrmcda 121 
pars nenosa 95, 121, 122 
pars tubcralis 121 
H>T>oihalamus 92, 94, 95, 99, 121 
Jlfstrix 1 


Ictidosauria 218 

Immunological responses 129, 130 
Incubatorium see Pouch 
Incus 60, 62, 72, 112, 217, 219, 220 
Infundibulum 77, 95, 120, 121 
Insulin 123, 124 
Interclavicle 73, 216 
Interpeduncular nucleus 91, 92, 98 
Intestine 

Crypts of Lieberkuhn 42 
disaccharidases 44 
epithelium 41,42 
length 42, 47 
Paneth ccl^ 42 
Iridomyrmex delectus 
amino acids in 54, 55 
damage to mounds of 21, 23, 29 
lipid content of various castes 23, 
24, 25 

winged forms 21,23,28 
Iris circular muscle 93,111 
Islets of Langerhans 123, 124 
Isoodon macrourus 
rate of passage of termites 47 
stomach epithelium 47 
Isthmus lagcnac 70 


Jaws, lack of teeth 63,216 


Kannemyeria, pectoral girdle 74 
Kidney 48 
blood supply 52 
capacity to concentrate urine 249 
isolated nephrons 50 
renal portal system of Sauropsida 52 
renal threshold for glucose 54 
structure 48, 49, 50 
Zwcrgkonalchcn 51,216 


Labyrinth 
bony 69, 70 
membranous 69. 70 
scmi-circuIar canals 69, 70 
Lactotransferrin 248 
Lagena 72, 216 
Lamina 

Literal medullary 97 
Icrminalis 98 
Laonx 60, 72 
b^hyal copula 72 
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Larynx — contd. 
cricoid cartilage 72 
hyoid arch ^ 

hypohyals and ceratobranchials 72, 
73 

latero-hyal cartilage 62 
thyroid copula 72 
Latebra 147 

Laterosphenoids (— pleurospheooids) 
62, 63, 65 
Lemniscus 

lateral 88,91,92,96 
medial 86,87, 88,89.91,96 
Li\er 42, 48 

Lymph nc^ules 126, 127, 129, 130 


Malleus 60, 62, 72, 112, 217. 2M 
Mamillary body 77, 94. 95, 96. 99 
MammaLa 5, 216 
Mammals. Mesozoic 216, 218, 221 
definition of 217 
therapsid characters of 217 
Mammary glands 
aheoU 186. 187, 189, 192, 193 
areoUe 2, 179, 180, 181, 187. 191, 
192, 198 

development 193, 194 
mammary hairs 181,187,194 
myoepithelium 189, 190, 193 
sinuses 186 

Structure 178, 179, 180, 181. 182, 
183, 186. 187, 189 
Sfanis jaianica 232 
stapes 60, 62, 226 
stomach epithelium 41, 238 
submasilliary gland 237 
tongue 235 
Manus 3, 74 

Marsupial bones see Epipubic bones 
Marsupionta 3. 227 
Marsupium 196 
Massa intermedia 95 
Maxillotuxbinals 60, 62, 63 
Mcat-ants see Irulomyrmex delectus 
Mcclcl's cartilage 60, 61, 62 
Medulla oblongata 79, 80, 86, 87, 98 
Megaleia tufa, nconatus 176 
Mciows 135 

Mesencephalon 76, 77. 88, 91 
Mesonephros 173 
Mclaihcna (marsupials) 5,219 227 
adrenals 119 


albumen layer of egg 151, 167,224 

angle 222,223 

bilaminar blastocyst 167,224 

bile salts 44 

diromosomes 226 

cochlea 88 

condyles of dentary 220 
cones of retina 111 
cortical representation 107,227 
development, early 166, 167 
car ossicles 62, 115, 226 
egg shell 151, 171, 172, 224 
facialis musculature 84 
foetal membranes 171,172 
beat production 16 
hetcrogamety 144, 226 
hypophysis, pars nervosa 121, 122 
laryngeal skeleton 73 
mammary glands, development 193, 
194, 195, 226 

marsupium 180, 195, 196 
neonaius, caenogenetic modtfica' 
tions 172, 173, 174, 175, 176, 
177, 225 

neopalhum 227 
pectoral girdle 224 
pelvic girdle 73, 75 
placcDiation 172,225 
scrotum 224 
serum proteins 214 
spleen 226 
ursal plates 109 
temperature regulation 15 
urogenital sinus 131 
utenne secretions 156,225 
vagina, median 145 
Mctcncephalon 76, 89 
Mdk 182. 203 
carbohydrates 203, 208 
composition of, at hatching time 
2S1 

ejection 95, 123, 182, 193. 199 
fatty acids 203, 205. 206, 207 
iron 207, 208, 247, 248 
proteins 203, 203, 209 
Aforganucodo/t 220 
foramen pscudosjvale 221 
jaw suspension 220 
petrosal bone 220, 221 
Mouth 1,3 

Movements J J, J2. 28. 29, 30, 31, 32 
Muscle, cstcmal (- lateral) rectus 
W. 109 
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Myelencephalon 76, 82 
Myoepithelium 123, 189, 190, 193 
Myrmecobius fasciatus 230 
dirt, ingestion of 41, 238 
food habits 243,244 
palate 64, 239 
pouch 196 

preference for termites 28, 243, 244 
stomach epithelium 41,237,244 
teeth 239 
tongue 235 
trituration of food 238 
Myrniecophaga aculeaia 1, 230 
Myrmecophaga tridactyla (= jubata) 
232 

food habits 240 

parotid and submaxilliary glands 
236 

ndges on palate 239 
salivary reservoirs 236 
stomach 237 
tongue 233 


Nasoturbinals 63 

Ncocortcx (neopallium) 76, 77, 78, 
79, 100 
layers of 101 
gyri 77. 100 

pyramidal tracts 79,84,85,107,108 
sulci 77, 78, 101 
see also Cortex 
Nephrons 50, 51 
Ncr>cs, cranial 76,81 

I 63,77, 81, 98 

II 81 

III 81,84,91,93 

IV 81,84,91,93 

V 76,80.81,84,86,87,91, 103 

VI 80.81,84,93 

VII 80, 81, 82, 83, 86 

VIII 80,81,82,86,87,88,91. 111. 
113 

IX 80.81,82,86 

X 80, 81. 82, 86 

XI 80,81,82 

XII SO, 82, 84, 107 
Nitrogen 

c'ccrclion during hibernation 56, 57 
factors alTccting retention 52, 54 
partition in unne 47. 48 
Nucleus 
accumbens 99 


ambiguus 82, 86, 107, 216 
amygdaloid 99 
arcuatus 81 

aicuatus trigemini 81,87,88 
Cajal’s commissural 82, 86 
caudatus 99 
cochlear 88 
cuneate 80, 81, 86 
Edinger-Wcstphal 93 
facialis 82 

geniculate see Geniculate body 
gracile 80, 81, 86 
hypoglossal 82, 84. 107, 216 
interpeduncular 92, 98 
ienticulostnatus 99 
medial and lateral of cerebellum 90 
mesencephalic of V 87, 91 
Meynert’s 99 
oculo-motor 84, 91, 92, 93 
olfactory, anterior 99 
optic tract 93 
paraveniricularis 95 
pretcctalis 92, 93, 94, 98 
red 90,91,92,96 
reticular, lateral 80, 81, 85, 87 
reunicns 92 
supraopticus 95, 121 
thalamic see Thalamic nuclei 
trochlear 84, 91, 92, 93 
tuber cincrcum see Tuber cincrcum 
nuclei 


Occipital condyles 63 
Oculo-motor nerve 81, 84, 91 
Oculo-motor nucleus 84,91,92,93 
Olfactory bulbs 77,81,98, 101 
Olfactory epithelium 81 
Olfactory nerve 63, 77, 98 
Olfactory nucleus, anterior 99 
Olfactory projection tract of Cajal 96 
Oltgokyphus 220 
Olive 

infenor 80, 81. 86. 87, 88 
superior 82, 87. S3 
Onychomys torrUus 
Stomach epithelium 41 
ingestion of dirt 41 
Oogenesis 145 
follicular epithelium 146,147 
follicular fluid 148, 149 
germinal disc 147. 149 
germinal epithelium 146 
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Oogenesis— conJt/. 
latcbra 147 
ooo'le 146 
oogonia 146 

maturation and polar bodies 149, 
151 

yolk 146, 147 
rona pellucida 146, 147 
Optic chtasma 91, 95, 97, 111 
Optic nerve 81 
OpUc tract 93,95,96,97, 111 
Optic tract nucleus 93 
Orbit, pulley of 109 
Ornilhorhynchus 2 
ala temporalis 58 
bile salts 44 
brain stem 108 

cartilaginous sclera of eye cup 61 
corpus luteum 166 
eyes 109,111 
facialis musculature 83 
lobes of cerebellum 90 
nulk areola 181 
molars 216,222,223 
neocortex 78, 108 
Ovary 145 
oviparity 145 
pectoral ^dle 73 
poison spur 4 
post temporal fossa 216 
spinal cord 79 
stomach epithelium 41 
trigeminal nerve 76, 97 
ventral nucleus of thalamus 97 
Orycleropus afer 233 
cornea 109 
food habits 242,243 
palate 239 

salivary glands 236, 237 
stomach 237, 238 
teeth 239 
tongue 234, 235 
Os carunculae 61 
Otoconia or otohths 72 
Ovary 144 

Oviducts 144, 149, 152 

Ovipanty 145, 216 

Oxytocin 95, 122, 183. 190, 191, 193 

Palate 

false or soft 63 
transverse spjnes 34, 64 


Pancreas 42, 46, 123 
Pancth cells 42 
Pangolins 232 
hianU craiskaudota 232 
Manis giganiea 232, 237, 238, 242 
Manis pentadaclyta 232 
Manis lemminckii 232, 240, 241 
Manis teiradactyla 232, 238, 242 
Sfanis tricuspis 232, 238, 239, 240, 
242 

see also Manis Javanica 
Pannlculus camosus muscle 3, 86 
Pantoibena 218,219,222 
Paraflocculi 89, 90 
Parasites 32 
cesloda 32 
fleas 32.33 
mites 33 
Nematoda 32 
Sporozoa 32 
ticks 33 

Parasympathetic nervous system 82 
Parathyroids 124, 125 
Pars iotercalts encephali 93, lOS, 216 
Pectoral prdle 73, 74 
Peduncles of mamillary body 96 
Pelvic girdle 74, 75 
Perns 131, 132 
PerameUs nasuta 132,173 
PenJympb 70,111,112 
Periotic bone 69, 70 
Peyer's patches 127 
Pharyngeal pouches 124 
Phascalarctos (koala) 
bilamtnar omphalopleure 171 
caruncle and egg’footh aniagen 173 
epipubic bones 75 
foetal membranes 171 
malleus, incus, and stapes 72 
mammary hairs 195 
tnlammar omphalopleure 171 
Phascolomys (wombat) 
epipubic bones 75 
malleus incus and stapes 72 
PUa antolica 58. 62, 63, 65, 177, 216 
Pineal gland 94 
Pinna 3 

Platysma muscle 3, 83 
Pons Varohi 76, 77, 87, 89, 92 
Post-branchial b<^ies 124, 125, 126 
Potorous truJaetylus 171 
Pouch 155. 166, 179. 185, 194, 195, 
196, 197. 198. 253, 254 
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Pouch young 
growth 196, 197, 198 
imbibition of milk 199, 201 
newborn (hatching) 254 
temperature of 198, 199 
Priodonles giganteus 232 
food habits 240 
teeth 239 
tongue 234 
Processus alaris 58^ 60 
Procoracoids (precoracoids) 73, 216 
Pronephros 173 
Prosencephalon 76 
Protein catabolism 47 
Proteles cristata 231, 244 
Protemiiodon rufogrisea 171 
Protolheria (monotrcmes, echidnas, 
platypuses) 5, 227 
adrenals 119 

albumen layer of egg 151, 224 
angle 223 

bilaminar blastocyst 167, 224 
bile salts 44 

chromosomes 141, 216, 226 
cleavage 156 
cochlea 88 

cochlear microphonics 114 
condyles of dentary 220 
cones of retina 1 1 1 
Corti, organ of 112 
cortical representation J07, 227 
dcN elopment, early 1 66 
car ossicles 59, 1 15, 226 
eggshell 151,224 
fadalls nucleus 82 
fasciculus mamillo-thalamicus 96 
foetal membranes 171, 172 
f/^Jiicuhr fluid 149 
heat production 16 
heart, right atrio\cntricular \ahc 
210 

heart, separation of ^cnous and 
arterial circulations 211 
hetcrogamety 144, 226 
h>popb>'sis pars nervosa J2I, J22 
inununolo^cal responses 129, 130 
lagenar macula 72 
laryngeal skeleton 73 
latcbra 147 
mamnury glands 178 
mammary glands, dcvxlopmcni 
193, 194, 226 

milk ejection 182, 193, 199 


neocortex (neopallium) 76, 77, 100, 
108, 227 

neonatus, caenogenetic modifications 
172, 173, 174, 175, 176, 177, 225 
oculo-motor, trochlear nuclei 84 
oxytocin 122 

pars intercalis encephali 108 
pectoral girdle 73, 224 
pelvic girdle 73, 75 
pila antotica 62,216 
pouch 180, 195, 196 
protein catabolism 47 
pyramidal tracts 84, 108 
renal blood supply 52 
scleral cartilage of eye 61, 62, 110 
serum protein 214 
sphincter colli 83 
spleen 226 
tarsal plates 109 
temperature regulation 15, 17 
therapsid characters 216 
unilaminar blastoderm 163 
uterine secretions 225 
Mtogcniid} sinus J31 
yolk navel 164 
Zvvergkanalchcn 51, 216 
Pter>goids 64 
Putamcn 99 

Pyramidal tracts 79, 84,93, 103 
hypoglossal connections 82 
ncocortcx and 79, 85, 107 
ZonalbQndcl of Kdllikcr 85 
“Pulvinar” of thalamus 96, 97 

Quadrate 60. 219, 220 
Quadrato-articular suspension of jaw 
217, 218,220 

Rate of passage of termites 
through echidnas 46, 47 
through Isoodon inacrourus 46, 47 
Rathke's pouch 95, 121 
Red nucleus 90,91,92.96 
Renal portal s> stem of Sauropsida 52 
Renal threshold for glucose 54 
Respiration, parameters of 251 
Reticular nuclei, lateral 80.81,85.87 
Retina 81,110,111 
Rhombencephalon 76, 77 
Rubro-spinal tracts 92 

Salivary glands 
parotid 39, 82 
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Salivary glands — contd. 
sublingual 39, 236 
submaxilhary 39 

Sauropsida (birds, non-therapsid rep- 
tiles) 

adrenals 1 19 

arterial and venous circulations, 
separation of 21 1 
atrioventricular valves 210 
bJaslomeres 156 
brain 107 

bursa of Fabricius 127 
cerebral cortex 76, 100 
chromosome morphology 141 
cleavage of egg 136 
cochlea 70 

cochlear microphonics 1 14 
corpus striatum 99, 100 
fasciculus mamillo-thalamicus 96 
follicular fluid, absence of 149 
heart 210,211 
heterogamety 144 
hypophysis, pars nervosa 85, 121, 
122 

labyritvth 70 
lagenar macula 72 
latebra 147 
nucleus facialis 82 
oculo-motor, trochlear nuclei 84 
oxytocin 122 

pars intercalis encephali 108 
pectoral girdle 73 
pila antotica 62, 65 
placentation 172, 225 
poihilothcrmy 15 
protein catabolism 48 
renal portal system 52 
scleral cartilage of eye 62, 1 lo 
soft parts, comparison with those of 
Protothena 61 
sphincter colli 83 
tarsal plates 109 
\ivipanty 172 
yolk navel 164 
Zwergkanalchen 52 
Scala media (ductus cochleans) 70 
111, 112 

Scala tjTnpani 70 

Scala \estibuli 70,112 

Scats 19, 21. 25. 26, 27 

Schuster’s areas 3 and 4 85, 97 , 101 

Sella turcica 62 

Scmi-circular canals 70 


Seminal urethra 132 
SertoUcells 134,136 
Setonix brachyurus 171, 207, 247, 
249, 254 
Sex ratio 1 3 

Shell membrane (marsupials) 151, 
171, 172 

Sittoconodon rigneyi 221 
Skull 63, 64, 65, 66, 67, 68, 69 
Smell, sense of 94 
Snout 1,3,87 
nostrils 3, 63 
uses of 3, 28, 87, 115 
Spermatogenesis 134, 133, 137 
Spermatozoon 137, 138, 139, 140, 141 
Sphenoparietal Assure and membrane 
62. 66. 67, 221 
Sphincter colli 83 
Spinal cord 78, 79 
Spines 1 
a keratin in 1 
development 2 
distribution and form 1, 2 
structure 3 

Zaglossus bruijni goodfellovii 10 
Spleen J26, 127, 128, 129,226 
Spur 4, 75 

Squamosals 61, 64, 220 
SquamosO‘deniary articulation of jaw 
64, 217, 218,220 
Stapes 60. 62, 69, 72, 112 
Stomach 40 
comified epithelium 40 
Isoodon macrourus 47 
Manis javanica 41, 238 
pH 40,41,54 

Stna medullaris 94, 95, 96, 98, 99 
Stna terminabs 99 
Stria vasculosa 70 
Substantia nigra 93 
Succus entericus 

amylase, lipase, trypsin 44, 45, 46 
on^ of enzymes in 46 
Sulcus hippocampi 100 
Sulcus rh^lis 100, 101 
Supra-opiic nucleus 95, 12I 


Tachyglossus acukatus 1, 6, 8 
acanifiion 6, 7, 8, 33 
aciileaius 1, 5, §, 201 
twptus 6, 7, 9, 20 
laytesii 6, 7, 9 
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Tachyglossus aculeatus — contd. 
multiaculeatus 6, 7, 8, II, 201 
setosus 6, 7, 8, 20 

Tachyglossus aculeatus, neonatus 172, 
173, 174, 175, 176, 177, 253, 254 
Tamandua tetradactyla 232 
food habits 240 
palate 239 
salivary gland 236 
tongue 233 
Taste buds 37 
Tecto-bulbar tracts 92 
TIcto-spinal tracts 92 
Tectum (midbrain) 91, 96, 97 
Teeth, absence of. 1, 63, 216 
Tegmentum 91, 92, 96 
Telencephalon 76, 77, 98 
Temperature regulation 14, 15, 16 
behavioural mechanisms 18,19,20 
conductance 17, 18 
critical temperature 18 
eutherians 15, 16 
evaporative cooling 15,18 
heat apoplexy 18 
heat production 15 
hypothermia 20 
metatherians 15, 16 
oxygen consumption 16,17,18 
sucat glands 15 
vaso>motor adjustments 1 8 
Termites 25,28,40,45,46,47,52,54, 
55, 240, 241, 242, 243, 244 
Testes 5, 131, 133, 134, 216 
Thalamic nuclei 97, 108 
anterior, medial, and mid-line groups 
of medial dorsal thalamus 94, 98 
posterior 93, 94, 96 
\cntral group of lateral dorsal 
thalamus 89, 92. 93, 94, 96, 97, 
98 

Thalamus 87, 89, 93, 94. 96 
Thcrapsida 60, 61,65,216.217,218, 
221 

Tlicria 218, 227 

angle or angular process 219, 222 
characteristics of lising 224, 225, 
226 

inbosphcnic dentition 222 
Thcriodonlia 73, 217, 218 
Th>Toid cartilage 72 
Thjroid gland 124, 125, 126 
Th>mus 124, 125, 126 
Toe, grooming 3, 23 


Tolypeutes irlciitclus 232 
food habits 240 
palate 239 
salivary glands 236 
stomach 237 
teeth 239 
tongue 234 
Tongue 1, 34 

circumvallate papillae 37, 38 
control by hypo^ossus nucleus 82 
foliate papillae 38 
ingestion of food 28, 34 
keratinous gnnding spines, tritura- 
tion of food 34, 64 
muscles 34, 35, 36, 37 
stickiness of 40, 236 
Zaglossus 9, 38 
Tractus 

habenulo-pcduncularis 93 
mamillo-tegmentalis 96 
mamillo-thalamicus sec Fasciculus 
mamillo-thalamicus 
striosubthalamicus 99 
temporo-trigcminalis 80, 81, 85, 
93 

thalamo-epithalamicus 97 
Trehalose, ihrchalase 44, 54 
Tricbosurus culpecula, neonatus 
caruncle and egg-tooth anlagcn 1 73 
mesonephros 173 
Triconodonta 219, 220 
Trigeminal nerve 76, 80, 81, 84, 86, 
87, 89. 91, 103, 220 
Trigeminal nuclei 84, 87, 91 
Tritylodonta 218 
Trochlear nerve 81, 84, 91 
Trochlear nuclei 84,91,92,93 
Tuber cincrcum 94, 95, 99 
Tuber cincrcum, nuclei 99 

lateral hypothalamic 95. 96. 98 
medial h>pothalamic 95, 98 
prcoptic 95, 96, 98 
ventral h>poihalamic 95 
Tympanic 

bone 60, 61. 62, 69 
cavity 69. 70. 72, 124 
membrane 61, 69, 72, 112 


end-product protein catabolism 47 
blood 48,214 

blood, during hibernation 57 
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